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P R E F A C E 
Asbestos, a group of naturally occurring fibrous silicate minerals, has 
got more than 3000 commercial uses because of its different physico-chemical 
properties like high tensile strength, incombustibility, heat insulation, friction, 
corrosion and chemical resistance. These properties have given this versatile 
mineral a commercial value throughout the world. In India also, it is mined in 
Bihar, Rajasthan and Andhra Pradesh. Several factories have been set up to 
use the mined materials which have to be supplemented by import on account 
of their high demand. 
The mining, transporting, and processing of asbestos mineral as well as 
disintegration or wear and tear of asbestos containing products, generate the 
dust which are known to create serious problems of air pollution. Asbestos 
fibres in the occupational environment may result in pulmonary fibrosis and 
two forms of malignancies. The first is mesothelioma, i.e. tumour of serosol 
cells, lining the pleural and peritoneal cavities, and the second is bronchogenic 
carcinoma, i.e. tumor of epithelial cells, lining the respiratory passage. All 
these ailments are well defined and documented through epidemiological survei-
llance. Though modern devices to control the release of dust in the work 
environment check cases of exposure and pulmonary fibrosis, exposure even 
to low level of dust causes mesothelioma and lung cancer. In a developing 
country like India, asbestos related disorders become important because of the 
poor socio-economic status of the workers as well as want of sophisticated 
means of exploration and processing of mineral deposits. 
I I 
Many many studies have been conducted throughout the world on the 
evaluation of a possible nnode of action of asbestos on the lung. However, bio-
chemical mechanisms of carcinogenicity and co-carcinogenicity, produced by 
asbestos fibres has still not been sufficiently studied. Cigarette smoking and 
asbestos exposure are positively linked with the development of bronchogenic 
carcinoma among workers. Asbestos alone can cause mesothelioma of pleura 
and peritoneum among exposed workers. The role of cigarette smoke and of 
asbestos in the development of lung cancer is not fully understood. Asbestos 
may cause toxic effects on account of its physical structure or components 
leached from the minerals. The beginning of cellular damage may be aggravated 
because of chemicals, either from cigarette smoke or from other environmental 
sources, to which lung is simultaneously exposed through inhaled air. 
This laboratory is engaged in the elucidation of the chemical and bio-
chemical aspects of the toxicity of various particulate air pollutants, using 
in vitro and in >««) model systems. These include the biochemical approach to 
air pollution effects, the understanding of the pulmonary response to stress 
by asbestos, the development of diagnostic test for toxicity, elucidation of 
the molecular mechanisms of toxicity and designing of preventive measures, 
e tc . Efforts have also been made to explore the function of asbestos dust or 
its leachable products in the initiation of pulmonary cancer. 
This dissertation constitutes a report on the studies of the interaction 
of silicic acid (one of the predominant constituents of asbestos, leachable in 
physiological medium) \\;ith the genetic material (DNA) by using techniques 
such as S. nuclease and alkaline hydrolysis, T -determination, hydroxyapatite 
and BND-cellulose chromatography and alkaline unwinding assay, e tc . Other 
I l l 
studies on the functional activity of lung microsomes and cytosol on in vitro 
treatment with asbestos dusts were conducted to develop an insight into the 
xenobiotic metabolism in asbestos exposed lungs. Later the in vitro observa-
tions were validated by actual in vivo animal experiments. In addition, the 
optimal conditions for isolation of relatively pure and active microsomes from 
rat lungs have also been defined. 
The results of the present investigation provide an insight of the possible 
mechanism by which higher incidence of bronchogenic cancer develops in asbes-
tos workers with smoking habits. 
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REVIEW OF LITERATURE 
" But th^i^ a no pouibln 
knoiiole.dQe., uohich atiivzh not 
f^ iom a pie-exutent fenou)ledge, 
and that vniij demowitiable". 
W. Haiviy 
The health hazards due to chronic and acute inhalation of noxious 
substances present in polluted air from ambient or work room atmosphere, 
accounts for the majority of occupational and environmental diseases. Among 
the numerous respirable particulate air pollutants, found as occupational and 
environmental air contaminants, asbestos has gained a lot of attention due to 
its increased production and consumptions. The alarming hazardous nature of 
asbestos makes it foremost among the toxic fugitive dusts, therefore, the 
studies on the toxic effects, caused by asbestos fibres, has a great importance 
as far as the occupational hazards are concerned. 
It is a well documented subject. In this chapter, an at tempt has been 
made to survey the available literature on the toxicity of asbestos, empha-
sizing on the role of different properties of asbestos which are responsible 
for their toxicity. 
1 . ASBESTOS, PHYSICO-CHEMICAL PROPERTIES AND THEIR TOXICITY 
"Asbestos" is a generic name for a group of minerals well-known for their 
adverse effects on the respiratory system. Two main subgroups are recognized: 
Serpentine and amphibole. Chrysotile is the only member of the serpentine group. 
The amphiboles are crocidolite, amosite, anthophyliite, t remoli te and actinoiite, 
as given in Table 1, along with their formula. Chrysotile, a serpentine asbestos 
that accounts for approximately 95% of the asbestos used worldwide, is a pliable, 
curly fibre made up of bundles of smaller fibrils. These subunits are comprised 
of either multi- or single layers of silica and brucite (MgO) that form concen-
tric, scroll-like tubes. Crocidolite, a straight, rod-like fibre, the principal 
amphibole of economic and health significance, is made up of parallel chains of 
linked, tetrahedral groups having a Si. O. . composition along the fibre axis. The 
silicon-oxygen chain structure of pyroxenes, which contain single-strand chains 
2-
of composition (SiO-, ) and amphiboles which contain double-strand, cross-
linked chains or bands of composition (Si. O. . ) are shown in Fig. la and b. 
The various physical and chemical properties which are considered to be 
primary determinants of the biological reactivity of asbestos and their potential 
role in particulate mineral toxicity are fibre lengths and dimensions, chemical 
composition, solubility, specific surface sites and surface charges. In comparison 
to other types, the two species of asbestos, i.e. chrysotile and crocidolite are 
commercially more important as well as more hazardous in nature (Craighead 
and Mossman, 1979). The cytotoxicity caused by these minerals are reported 
to be due to various physico-chemical properties including fibrous geometry 
(Frank et al., 1979), surface area (Palekar et al., 1979), surface charge (Light 
Table 1 
Classification of varieties of asbestos minerals 
Group Variety Formula 
Amphibole Anthophyllite Mg^Sij-O.-COH)-
Amosite (Fe Mg)^Sig022(OH)2 
Crocidolite ^^2^^2^ (Fe^^Mg)^Sig022(OH)2 
(Blue asbestos) 
Tremolite Ca_Mg^Sij,0__(OH)_ 
Actinolite Ca^MgF e )^Sig022(OH)2 
Serpentine Chrysotile Vlg^lSi^O J(OH). 
(White asbestos) 
O] Oxygen 
®1 Silicon 
Figrlo. Silicon-Oxygen chain structure of 
Pyroxenes. 
Fig-.lb. Silicon-Oxygen chain structure of 
Amphiboles. 
and Wei, 1977) and size of fibres (Chamberlain and Brown, 1979; Kaw et al., 
1982). 
The physico-chemical studies of the particulates are believed to be 
important in order to understand the basic molecular mechanisms leading to their 
toxicity manifestations and to control them. The studies on the fibre size, aspect 
ratio, aerodynamic radius and density of the mineral particles has shown a major 
influence on physical phenomena such as respirability, transportability, sedimen-
tation, clearance, phagocytosis,translocation, etc. (lolicoeir and Poissan, 1987). 
The surface texture (roughness, microstructure) and the surface electrostatic 
potential of mineral fibres should also influence their adhesion behaviour to 
biological cells. These various physical or mechanical effects do not intrinsically 
determine toxicity, but they are clearly important in bringing the mineral par-
ticles in contact with the target biological components and in exerting initial 
perturbations of these components. There are four different types of cells 
which are potential targets of asbestos under in vivo conditions: 
i) AAacrophages, especially pulmonary alveolar macrophages, 
ii) Mesothelial cells, which undergo malignant transformation, 
iii) Fibroblasts, which participate in the fibrogenic reaction, and 
iv) Pulmonary alveolar epithelial cells, which also undergo malignant trans-
formation. 
The various physico-chemical properties which are reported to be responsible for 
the toxicity caused by silicate mineral dusts are discussed below: 
The biological effects of different types of asbestos depends on the size 
and shape of the particles (Harington, 1976; Brown et al., 1978; Woodworth et 
al., 1982; Pott et al., 1983), which determine what proportion are deeply inhaled 
into the bronchial tree, penetrate to the mesothelium and can be ingested by cells. 
A general scheme for the deposition, clearance, translocation and retention of 
fibres of respirable size, derived from the ICRP lung model are given in Fig. 2 
(Bignon et al., 1978). 
Thus, fibre dimensions are important parameter in determining whether 
asbestos fibres are able to reach the sites where critical cellular interactions 
takes place, and thus would also govern whether the potential biological activity 
of fibres due to their surface charge is displayed. As an example, the inability 
of asbestos fibres to penetrate the cell membranes of bacteria and interact with 
intracellular DNA could explain why no mutagenic activity was evident for 
asbestos fibres tested in the Ames bioassay (Chamberlain and Tarmy, 1977). 
Based on the work of Stanton and Wrench (1972), Stanton (1973) and Stanton and 
Layard (1978), the concept of the fibre length and carcinogenicity was more for-
mally codified as the "Stanton hypothesis". This hypothesis formally states that 
the probability of tumor development in experimental animals is a function of 
concentration of fibres, in a given mass of dust which are greater than 8 /um in , 
length and less than 1.5 >um in diameter. This hypothesis, implicitly states that ' 
the greater the proportion of these fibres in a total fibre population, the greater 
i 
the incidence of mesothelioma production in an intact animal (Stanton, 1973). This 
relationship is said to hold good for both types of asbestos. A number of papers 
and reviews related to experimental work in animals have upheld the hypothesis 
of Stanton that asbestos fibres and others can cause cancer, provided that their 
configuration falls within v'vcil defined ranges of diameter and length, with thin 
long fibres being most carcinogenic (Harington, 1981; Stanton et al., 1981; 
Craighead and Mossman, 1982). Bertrand and Pezerat (1980) have suggested that 
there may be no limit of length or diameter below which carcinogenicity disappe-
ars but that carcinogenicity may be a continuous increasing function of the aspect 
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ratio of the fibres. Walton (1982) has suggested that the size of the asbestos 
fibres has a very important role to play in the toxicity and its hazardous nature. 
The fibre length directly correlates with the ability of selected fibres to induce 
cytotoxicity (Brown et al., 1978) and the induction of mesothelioma after 
insertion of fibres into the pleural cavity (Stanton et al., 1977). Both the chemical 
make up and physical characteristics such as fibre length and surface morphology 
have been found to be associated with the induction of pulmonary fibrosis 
(Stanton et al., 1977, 1981 and Platek et al., 1985). 
Thus, it follows from the above studies that any fibres, from naturally 
occurring minerals, man-made minerals or novel synthetic polymers should be 
treated as suspect if they are of the appropriate dimensions and relatively inso-
luble in the tissue fluids. 
The chemical composition and crystalline structure of the particulate 
mineral on the other hand bear direct relationship to particulate toxicity 
(Harington, 1976; Woodworth et al., 1982; Craighead et al., 1980; Reiss et al., 
1980). The presence of iron in the amphibole types of asbestos composition are 
known to be involved in its toxicity as its presence enhanced the lipid peroxida-
tion which are responsible for the lipid disorder (Craighead and Mossman, 1982). 
The chemistry of asbestos is complex. A number of trace metals including Ni, 
Sb, Cr and Co are associated with native chrysotile and crocidolite (Mossman et 
al., 1983). Therefore, solubility studies of chrysotile and related minerals have 
been carried out by other workers in relation to fibre degradation (Lai et al., 
197^ *; Papiver et al., 1976; Cralley, 1971) and to the potential toxicological conse-
quences of species released during the degradation process (Cralley, 1971; 
Allen and Smith, 1975; Smith and Choi, 198^^ ; Thomasson, 1977). These contamina-
ting metals have been implicated as one of the causative factor of asbestos 
10 
related disease and further research in that area has been recommended (Shugar, 
1979; Barbean et al., 1985). It has been studied that t race metals associated with 
asbestos fibres are involved in its co-carcinogenic behaviour and can influence 
the metabolism of polynuclear aromatic hydrocarbons, the major component of 
cigarette smoke and combustion materials (Thomson et al., 197^; Dixon et al., 
1970). Lung damage due to solubility of toxic element such as magnesium or 
silica have been reported by Jaurand et al. (1977). Solubility of both non-fibrous 
and fibrous dusts in the lung are considered to be an important factor, which may 
have an immediate cytotoxic effect upon cells of the lung but are unlikely to 
induce long term pathological alterations (Morgan and Holmes, 1986). Crocidolite 
IS acid stable whereas chrysotile is more acid labile. Both the fibres are reported 
to undergo chemical alterations under in vitro and in vivo conditions (Morgan and 
Holmes, 1969; Rahman et al., 1973; Jaurand and Bignon, 1977; Morgan et al., 1977; 
Kohyama et al., 1977). 
It IS established that chrysotile is highly unstable in acidic medium because 
structural Mg is rapidly dissolved from the fibre structure (Morgan et al., 1971, 
Thomassin et al., 1976; Qoni et al., 1979). The loss of Mg was observed in fibres 
isolated from human lung and from rabbit alveolar macrophages in culture 
(Langer et al., 1972; Jaurand et al., 1977). The magnesium content of chrysotile 
is also related to toxicity and hemolytic activity (Harington et al., 1974; Monchaux 
et al., 1981; Light and Wei, 1980). However, the structural magnesium of chryso-
tile can be removed completely by acid leaching but the morphology of the fibres 
as observed with the electron microscope was found essentially unchanged 
(Morgan et al., 1973). In such cases, more subtle methods are required to measure 
the solubility of fibres (Morgan et al., 1977; Monchaux et al., 1981). It was also 
11 
found that unleached chrysotile differ in their biological activation in vitro 
(Beck et al., 1971; Morgan, 197^ *; Rahman et al,, 1975; Harington et al., 1975; 
]aurand et al., 1979). Morgan et al. (1977) reported that no nnesothelioma occu-
rred in rats injected intrapleuraily with HCl-leached chrysotile fibres, whereas 
unleached fibres induced tumors in 12 out of 32 animals. A drastic decrease in 
the percentage of mesotheliomas in rats, injected intrapleuraily with chrysotile 
fibres from which more than +^0% of the initial content of Mg has been removed, 
were observed (Monchaux et al., 1981). Recently, Morgan and Holmes (1986) 
reported the solubility of asbestos and man-made mineral fibres and their signi-
ficance in lung disease. 
some of the toxic effects produced by chronic inhalation of noxious sili-
cate dust and their pathogenicity could be attributed to silicic acid dissolved from 
the dust in physiological fluids (Rahman et al., 1975; Rahman, 1977). Dissolution 
of a significant amount of silicic acid from asbestos seems to occur in vitro under 
physiological conditions (Rahman et al., 1973, 197^^ ). Therefore, the toxic effects 
of silicates or asbestos may also be quantitatively related to their solubility rate 
in the physiological fluids (Singh et al., 1982, 1983). 
Silicic acid, either in the form of a monomer or a polymer is a weak 
acid. The monomeric acid has been reported to penetrate all body fluids and 
tissues at concentrations less than its solubility (0.01%) and is readily excreted 
(Boumann, 1960a &: b). The non-toxic behaviour of silicic acid in the monomeric 
form and its elimination were demonstrated by Scheel et al. (1953). 
The polymerization of silicic acid which leach out in the biological systems 
is considered to be the essential factor in the pathogenicity caused by silica 
containing dusts. Holt and Yates (1953, 195'f) described two factors, i.e. pH and 
12 
concentration of silicic acid, which control the polymerization of silicic acid in 
vivo. The polymerization was rapid at the pH range 5.5-6. At high concentra-
tions, the polymerization was observed upto pH 7A. In this connection, Sieholf 
and Antweiler (1956) observed that the biological activity of silicic acid in 
solution depends on the degree of polymerization so that the effect increased 
progressive aging of the solution until a certain molecular size was reached, 
when the effect began to fall off. The role of polysilicic acid in the genesis of 
silicosis has also been discussed by other workers (Nagelschmidt and King, 1956; 
Soffge, 1957). Holt and Went (1960) also demonstrated that silicic acid could be 
polymerized in vivo. Faber (1936) was one of the first to propose that the dissol-
ved silicic acid when get polymerized to polysilicic acid, is the active agent. 
There is report that when hydrated silica gel was injected intraperitoneally into 
rats, the gel dispersed to give polysilicic acid of 1 nm particle size which entered 
the blood and passed through the glomerular capillaries of the kidneys, but at the 
site of resorption, polymerized and damage the kidneys (Policard and Collet, 1961). 
The tanning of leather with polysilicic acid and coagulation of albumin with 
colloidal silica would suggest hydrogen-bonding in such interactions which have 
been confirmed by many experimental studies on monolayers of protein and other 
biomolecules (Clark et al., 1957). It can make multipoint attachment to the 
protein which may explain the cross-linking of the polysilicic acid and the rigidity 
of tanning caused into the proteins. Most important, it was observed that mono-
silicic acid is not adsorbed at all. In these binding the pH of the medium, the 
size and composition of the silica as silicic acid, polysilicic acid, monosilicic acid 
and the nature of the cnarge on the silica compounds plays an important role 
in such interaction (Her, 1976), for example, lipoproteins can be removed from 
human sera with the colloidal silica (Stephan and Roka, 1968). So many biologi-
cal and biochemical implications may be derived from the ability of silicic acid 
13 
to denature protein and may combine with serum proteins and blood proteins in 
its specific manner leading to the coagulation of blood. The toxic action of 
silicic acid interaction with proteins was due to denaturation of the latter 
(Scheel et al., 1953). The effect of silica was described by Morgolis (1961) as 
due to the adsorption and denaturation of globular proteins, the Hageman factor. 
The proposed mechanism was that when protein is adsorbed on a larger silica 
particles or a coherent aggregate of smaller particles, the chain is stretched and 
certain internal hydrogen bonds which holds the proteins molecules in a specific 
configuration are broken. 
Singh et ai. (1983, 198^ *) have reported the binding of silicic acid, which 
leach out from state dusts, with human plasma protein and purified bovine serum 
albumin respectively. Further binding of silicic acid, dissolved out from sjate 
dust, with a component of erythrocyte ghost membrane, proteins having mole-
cular weight around 9,000 daltons have been reported (Singh et al., 198^ )^. 
In view of the reported occurrence of silicic acid in many kinds of biolo-
gical tissue, several efforts have been made to isolate tissue molecular associa-
tion of various compounds with silicic acid, etc. (Holzapfel, 19'fl). According to 
Holzapfel (19'f2, 1949), silicic acid occur in combination with lipoid substances, 
cholesterol and galactose. Interaction of silicic acid with the various lipid com-
ponents has also been known (Kleim, 1936). Its influence on blood cells, like 
erythrocytes, leading to wrinkling, distortion, etc. may be resulting from the 
strong binding of poly-silicic acid to the various biomolecules on the erythrocytes 
surface (Lindquist et al., 197'f). It was also observed that silicic acid leached out 
from silicates dust could be implicated as an acute factor in the lysis of ery-
throcytes (Rahman et al., 197if), release of lysosomal enzyme (Rahman et al., 
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1976), and interaction with constituents of biomembranes (Rahman et al., 1979). 
Charache and Macleod (1962) found that hemolysis of red cells (erythrocytes) was 
not caused by monosilicic acid but soon began when it polymerized to a large 
enough molecular size. Singh and Rahman (1987) have reported the silicic acid 
induced lipid peroxidation and hemolysis in RBCs by two separate mechanisms. 
The interaction of silicic acid with enzymes by simple adsorption or by 
chemical combination is a new emerging area in enzymology and biotechnology. 
Some enzymes are inhibited by silicic acid or silica and some are not (King et al., 
1956). 
The chemical interaction of silicic acid with polysaccharides not only in 
vitro but also in vivo in animals and plants would be a possibility. It is known 
that silicon is bound chemically in tissues with glycosaminoglycans and polyuro-
nides through an ester like linkage of Si-O-C (Schwarz, 1973). 
In nodular fibrosis caused by silica in the rats , its interaction with RNA 
has been indicated by some workers (Kikuth and Schlipkoter, 1956). Schwarz and 
Baronessky (1956) hypothesized the possibility of exchange of silicon and Pi in 
RNA and DNA, leading to liberation of Pi in a measurable extent . Her (1979) 
has proposed that silicon linkage in the carbohydrate moiety of DNA may be 
different from phosphate with respect to stability of nucleic acid, especially 
since the -Si-OH group is much less likely to be ionized. 
The interaction of silicic acid with diphosphopyridine nucleotide (DPN) 
and even with ATP was indicated by Kersten and Staudinger (1956). It may be 
added that silicic acid could influence the P :0 quotient of rat liver mitochondria 
(Kersten et al., 1958). » 
The above studies have added sufficient knowledge about the possible inte-
raction of silicic acid with various biological macromolecules which are considered 
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to be causative factor of silicic acid toxicity, but the following observation 
will give an idea of its mechanism of interaction. 
The cliemical structure of silicic acid clearly indicates the two possible 
ways of its interaction with biomolecules. The first type of interaction is 
possible by hydrogen-bond formation between the unionized hydroxyl groups 
of the silicic acid and the hydroxyl or amino group of the protein, as shown in 
Fig. 3. The second type of reaction of silicic acid with biomolecules such as 
protein is likely to be electrostatic attraction between the ionized silicic acid 
and the positively charged side chains of the protein biopolymer, as given in 
Fig. 'f. 
The factors, as described by Her (1955), which decide the chemical and 
bioreactivity of silicic acid are: 
i) Degree of polymerization which depends on concentration, pH and pre-
sence of organic molecules, 
ii) Hydrogen bonding with polar organic molecules, 
iii) Silanoi groups (:SiOH), and 
iv) Ester-linkages with OH compounds. 
It has been reported that silica polymerization and chain cross-linking by 
further elimination of water may form colloidal silica on the outer surface of 
the asbestos (Nash et al., 1966), which may cause toxic effects. As silicic acid 
is a stronger acid than water, it will displace water from its bonds to lone pair 
compounds (i.e. Si-OH:0-Lone-pair on oxygen and Si-OH:N Lone pair on nitrogen) 
(Nash et al., 1966). Thus, the polymeric silicic acid can act as a hydrogen donor 
in the formation of hydrogen-bonded complexes with active groups such as quater-
nary phosphate ester groups of phospholipids or secondary amide groups of pro-
teins. The rate of solubility of the silica surfaces of asbestos in aqueous medium 
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is generally considered to be determined by the rate of hydrolysis of si-O-Si-
groups (Born and Prigogine, 1979). It has been suggested that the chemical reac-
tion of the silica surface with water molecules results in the formation of -OH 
groups. The hydrated surface is capable of hydrogen-bonding with biological 
macromolecules and damaging membrane bound enzymes (Kandaswami et al., 
1986). Two types of active sites on the fibre surface may occur, one conceivably 
acting as a proton donor and the other functioning as a proton acceptor (Born 
and Prigogine, 1979). Furthermore, a change in the polarity of the -Si-O bond 
could be responsible for an increase of the ionic character of surface hydroxyl 
group (Prigogine, 1974). They reported that such hydroxyl groups would then 
interact with water and other molecules. It is conceivable, therefore, that the 
intrinsic properties of the surface lattice of the amphiboles and serpentine, the 
two different types of asbestos, may be involved in their bioreactivity. Minova 
(1969) showed that silica is 20 times more soluble in the body fluids than in 
saline solution. This dissolved silicic acid when present in living system may 
interact with the simple biomolecules, macromolecules and various other struc-
tures in many ways and as a result it would exert various types of influences both 
simple and complicated on living system, where it is embedded. This may be 
taken as one of the factors in the development of silicosis, and other pathological 
manifestations, etc. Thus, the mechanisms involved in the toxicity of asbestos 
fibre, indicate that chemical factors, especially the dissolution of silicic acid 
from asbestos in the physiological fluids may also be involved in their toxicity. 
The surface electrostatic potential of the mineral fibres can also play an 
important role in the cell-particles interactions. The electrostatic potential 
results from ionic charges, due to surface structural defects, ionization of sur-
face groups or adsorption of ions from the medium. In serpentine types of 
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asbestos, the brucite becomes ionized in neutral aqueous media, and gives the 
fibres a positive charge. In contrast, the amphiboie types of asbestos fibres are 
either neutral or slightly negative in charge at a neutral (pH) due to silica on 
their outer surface (Mossman et al., 1983). 
All types of asbestos fibre acquire an electrostatic charge on their surface 
in neutral aqueous solutions, and charged fibres in the vicinity of cellular macro-
molecules could undergo electrical interaction (e.g. coulombic attractions), which 
might result in close contact and chemical adsorption of cellular macromolecules, 
at the fibre surface. Thus, in their target biological environment, electrostatic 
effects could lead to adsorption and depletion of functionally essential species 
(Jolicoeur and Poisson, 1987). The adsorption of biological macromolecules by 
mineral fibres has been positively correlated with their hemolytic, cytotoxic and 
carcinogenic potentials (Light and Wei, 1977; Bignon et al., 1980; Pott et al., 197^ )^. 
This adsorption of macromolecules, by asbestos is believed to be related to their 
chemical and physico-chemical characteristics, like fibres geometry, size, surface 
area and charge, etc. (Langer and Nolan, 1985). A major emphasis has been 
placed on the surface charge properties of the mineral fibres as determinants of 
their biological reactivity (Mossman et al., 1983; Bonneau et al., 1986). 3aurand 
et al. (1980) have shown that chrysotile adsorbs both proteins and phospholipids 
from red blood cells (RBC) membranes. These events appear to modify the hemo-
lytic capacity of the fibres (Desai and Richards, 1978; Jaurand et al., 1979). 
Treatment of RBCs with neuraminidase an enzyme removing sialic acid from the 
cell surface, reduced the hemolytic activity of chrysotile (Harrington et al., 1971), 
which suggest, that asbestos interacts with specific sites on the plasma membranes 
to induce hemolysis. Recently, the binding of asbestos with the sialic acid at the 
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surface of macrophages has been reported (Ciallegher et al., 1987). It was obser-
ved that chrysotile by virtue of its highly polar and basic character , the surface 
of it exhibit a high affinity and a significant chennical reactivity towards a wide 
variety of molecules. Moreover, the naturally occurring structural and substitu-
tional defects provide additional surface sites which may enhance the chemical 
reactivity of chrysotile fibres. The potential consequences of these surface pro-
perties in relation to the biological activity and toxicity of chrysotile fibres are 
numerous and may be envisaged to arise through various phenomena such as, cell 
membrane-fibre adhesion, adsorption of functionally or structurally essential bio-
logical components, transport of foreign substances to target organisms, catalytic 
transformation of biochemical intermediates, e tc . (Mossman et al., 1983; Jolicoeur 
and Poisson, 1987; Fisher et al., 1987). Both the types of asbestos (i.e. serpen-
tine and amphiboles) fibres appear to be coated in vivo with pulmonary macromole-
cules such as lung surfactants (Mossman et al., 1983). Several biological macromo-
lecules and enzymes are known to be adsorbed on the surface of asbestos and 
affect the physiological functions of the cells (Fisher et al., 1987). In view of the 
nature of the biological system, surface adsorption phenomena may be generally 
expected to play an important role in particulate mineral toxicity. The demonstra-
ted ability of mineral particles to adsorb numerous types of molecular species 
suggests that these particles can act as carriers of foreign molecules into the 
various substructures of biological systems (Jolicoeur and Poisson, 1987). Poly-
nuclear aromatic hydrocarbons (PAHs), a product of combustion, are ubiquitously 
present in the urban environment are found in association with airborne particulate 
matter (Pierce and Katz, 1975). These are preferentially adsorbed on small part i-
cles because of the high surface area per unit weight. These small particles are 
less effectively removed by particulate capture device than are larger particles. 
21 
when they get adsorbed to the surface of particles such as fly ash, the normal 
photooxidative degradation of PAHs is prevented (Korfmacher et al., 1980) and 
thus their biological activity is prolonged. On the basis of the above adsorption 
phenomenon, an alternative mechanism of carcinogenesis is proposed in which 
asbestos slows down normal cellular metabolism of carcinogens in vitro and leads 
to increased cellular retention of the carcinogens (Kandaswami et al., 1986). The 
foreign molecules adsorb reversibly on the surface of asbestos and do not undergo 
any bond-breaking reactions in their adsorbed s ta te . It has been reported that 
chemical adsorption is required for catalytic reactions, such as electron transfer 
(Hauffe and Wolkenstein, 1969). Robock and Klosterkolter (1973) have suggested 
that asbestos fibres are potentially active catalysts by virtue of their being impu-
rity semi-conductors. However, according to the electron theory of catalysis, 
electron transfer reaction can only occur if impurity centres (electrons or holes) 
are present with energy levels matching those in the chemi-sorbed macromolecules 
(Garrett and Brattain,1955; Kingston, 1957). Mason (1938, 1960), Allison and Nash 
(1963), Birks (1961) and Hoffman and Ladik (1961, 196'f), have used the electron 
theory to explain chemical carcinogenesis - a carcinogen may act by causing an 
electron (in protein or DNA) to jump from its valence bond to an empty level in 
the carcinogen (Robock and Kloster-Kolter, 1973). It appears that an initial bio-
logical interaction with asbestos involves the transfer of metastable electrons 
(Fisher et al., 1987). This electron transfer process may be facilitated by the 
positive charge on chrysotile asbestos and coulombic interaction with negatively 
charged cell surfaces. The surface charge on the asbestos may result in intimate 
contact with the cell sufface with subsequent single electron transfer to cellular 
organelles and biomolecules (Robock and Kloster-kolter, 1973; Hayashi, 197^ ;^ 
Valentine et al., 1983 and Fisher et al., 1987). Chrysotile fibres when subjected 
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to heating, a t rea tment diminishing the toxic e i l cc t s of chrysotile presumably by 
releasing the trapped or metastable electrons (Valentine et al., 1983) alone and in 
combination with X-irradiation, which restores these electrons (Fisher and Bradley, 
1980). This observation showed that biological effects of chrysotile can be dimin-
shed by heating and restored by irradiation (Fisher et al., 1987). This observation 
shows that surface properties of asbestos are very important in their toxicity. 
These electrons may also combine with cellular oxygen to produce superoxide 
radicals. Weitzman and Graceffa (1984) have demonstrated that chrysotile asbes-
tos catalyzes hydroxyl and superoxide radical production from hydrogen peroxide. 
A burning question which has plagued scientists for decades is how the 
dissimilar physico-chemical characteristics of various types of asbestos relate to 
their common ability to cause cell damage and diseases of the lung. 
Besides fibres composition, size, charges, e t c . which play an important 
role in its cytotoxicity as we have already discussed, the ability of asbestos fibres 
to generate free radicals in the biological systems is also another important factor. 
The lung pathogenicity caused by asbestos via the generation of reactive oxygen 
intermediates have been supported by several studies. Asbestos cause an infla-
mmatory response, regardless of the. route of administration (i.e. intratracheal 
instillation, inhalation or injection to lung), characterized by the recruitment of 
alveolar macrophages and other cells of the immune systems (Bozelka et al., 1983; 
Begin et al., 1982). These effector cells often interact with fibres, a phenomenon 
associated with cell death and/or liberation of lysosomal enzymes in vitro 
(Davies et al., 197^*; Dean et al., 1979). Recent evidences suggest that active 
oxygen species also release from these cells (Donaldson and Culten, 198'f; Hansen 
and Mossman, 1987). At this stage, the lysosomal enzymes which are known in 
the free form and fibre-generated free radicals may bring degradative changes 
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and can initiate the diseases of the lung. Mineral dust stimulate the alveolar 
macrophages (or perhaps other lung cells) to release factors which recruit neu-
trophils to the lung. Recruited neutrophils then release toxic superoxide anion 
radicals (O'") which cause lung damage. Asbestos-associated cell death and rele-
ase of Selenium from epithelial cells fibroblasts and isolated alveolar macro-
phages of the respiratory t racts have been found to be prevented by using scaven-
gers of active oxygen species (Shatos et al., 1985; Mossman et al., 1986.b) 
Hansen and Mossman (1987) have demonstrated the release of O' from hamster 
and rat alveolar macrophages after exposure to asbestos. Recently, production 
of reactive oxygen metabolites induced by asbestos fibres in alveolar macropha-
ges and in human polymorphonuclear leucocytes are reported (Case et al., 1986; 
Hedenborg and Klockars, 1987). Further, release of superoxide anion radicals by 
lung inflammatory cells on mineral dust exposure is reported (Cantin et al., 1988). 
Mossman et al. (1986a)have shown a selective increase in the activity of the 
superoxide anion radical scavenger enzyme, superoxide dismutase (SOD) in tracheal 
epithelial cells and rat lung fibroblasts after exposure to chrysotlle and crocido-
lite. Inhibition of crocidolite associated cytotoxicity in epithelial cells by using 
selective scavengers (DMTU, mannitol, sodium benzoate) of hydroxyl radical has 
been reported (Mossman et al., 1986b).An increased collagen synthesis of lung 
fibroblasts by both asbestos and superoxide anion radicals has suggested a direct 
cause-and-effect mechanistic relationship. 
Recently, the importance of oxygen free radicals, reactive metabolites 
of oxygen, containing an unpaired electron in cell injury by asbestos has been 
suggested (Donaldson et al., 1986). Shatos et al. (1987) have reported that the 
iron content of crocidolite is critical to the induction of cytotoxicity. In this 
regard, iron may be directly responsible for the generation of oxygen free 
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radicals. For example, iron II salts can react with O2 in an aqueous environment 
to yield O'' and OH' radicals directly (i.e. Fe "^  + O2 > Fe "^  + O2' ') 
(Wong et al., 1981). Furthermore, iron catalyzes the modified Haber-weiss (Fenton-
like) reactions producing the highly reactive OH' radicals (i.e. O^' + Fe . • > 
O '" + Fe^* + H2O2 + F e ^ ^ - > OH" + Fe^^ + OH') (McCord and Wong, 1979). 
Brown (1987) has reported the catalytic role of iron in asbestos-induced lipid pero-
xidation and DNA strand breakage. Brown et al. (1987) suggested the i ron-media-
ted free radical generations in asbestos-mduced cytotoxicity. The work of 
Weitzman and his colleagues (198^*, 1985) have supported the importance of iron 
in the generation of active oxygen species by asbestos. Weitzman and Weitberg 
(1985) have emphasized the importance of iron in the induction of lipid peroxi-
dation by crocidolite, amosite and chrysotile that catalyze the formation of OH' 
and Oy' from H_0_ in a cell-free system (Weitzman and Graceffa, 198^^). Shatos 
et al. (1987) have proposed the following reactions on the basis of inhibition of 
biologic effects of asbestos by preincubation with deferoxamine (an iron chela-
tor). 
H-O-, + asbestos - Fe ^ >• > OH* + OH' + asbestos - Fe •^, and 
asbestos - Fe + H_02 ^ Fe + 2H^ + O ' " , while crocidolite (27%) and 
amosite (28%) are primarily iron-containing asbestos types, the iron content of 
UlCC chrysotile is only 2.6% as determined by neutron activation analysis 
(Timbrell, 1970). It presumes that in the case of chrysotile, other factors like 
Mg content and surface charges are also involved. Further, Weitzman and 
Weitberg (1985) have also shown inhibition of chrysotile-, crocidolite-, and 
t 
amosite-induced lipid peroxidation after pretreatment of these fibres with 
deferoxamine, an iron chelator. These studies clearly indicate the role of iron 
in the generation of free radicals by these mineral fibres. 
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The concept of active oxygen metabolites as second messengers of 
asbestos-induced toxicity or disease is supported by a number of recent publi-
cations. For example, lipid peroxidation by various types of asbestos has been 
demonstrated by several investigators (Gulumian et al., 1983; Rahman and 
Casciano, 1985; Turver et al., 1985; Weitzman and Weitberg, 1985; Brown et al., 
1987). There is also reports about the chemiluminescence and release of O' 
and H_0_ from both rodent and human phagocytic cell types after exposure to 
asbestos (Beravdi et al., 1985; Donaldson et al., 1985). Lastly, Kasai and 
Nishimura (ISS't), have shown that the incubation of isolated calf thymus DNA 
with various types of asbestos in the presence of H-^0^ induces DNA damage, as 
measured by strand scission and hydroxylation of' guanine residues at the C-8 
position. Mossman et al. (1983) and Shatos et al. (1987) have shown that scaven-
gers of hydroxyl and superoxide radicals can protect cells in vitro from asbestos 
induced cytotoxicity. Free radicals of oxygen have also been implicated in the 
inflammation (McCormick et al., 1981), fibrosis (Langer et al., 1979) and in the 
promotion of carcinogenesis of the lung (Copeland, 1983, (^abrielson et al., 1986). 
It is interesting to note that asbestos is an inflammatory fibrotic and carcinogenic 
agent (Craighead and Mossman, 1982). In particular, the suggested involvement 
of free radicals in chemical carcinogenicity, would stress the importance of ele-
ctron transfer reactions occurring at the surface of mineral particles (Mossman 
and Landesman, 1983; Weitzman and Graceffa, 198^^ ; Robock and Kloster-Kolter, 
1971, Langer et al., 1978). 
It is evident from the above studies that the generation of oxygen free 
radicals by asbestos might explain the increased pathogenic potential in asbestos 
associated diseases of the respiratory tracts. Also, the asbestos induced cell 
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proliferation and/or tissue injuries and cell deaths may be due to the production 
of reactive oxygen species, therefore, the studies on the role of antioxidants 
against the free radical-mediated processes induced by asbestos may be very 
important, towards the prevention of the increased risk of various malignancies 
(i.e. bronchogenic carcinoma, mesothelioma, gastrointestinal tumors, etc.) and 
asbestosis, a non-malignant but progressive and restrictive lung diseases caused 
by occupational and environmental exposure of asbestos fibres. 
Finally, because of the many crystalline and surface imperfections of 
naturally occurring minerals, the surface of mineral particles, must be viewed as 
comprising a variety of sites which could be described in terms of their morpho-
logy, electrostat ic charges, acid-base properties, redox properties, e tc . Some of 
these sites could exhibit catalytic activity to initiate or promote chemical proce-
sses leading to toxicity manifestations. 
Thus, it can be concluded that the above discussed different physico-
chemical properties of asbestos and their stated influences or interactions with 
biological macromolecules may comprise the main primary effects, responsible 
for asbestos, the versatile mineral silicates toxicity. 
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2. HEALTH HAZARDS OF ASBESTOS 
Among the numerous respirable particulate air pollutants found as urban 
air contaminants, asbestos has come to the fore during the last 20 years because 
of its increased production and consumption (Selikoff et al., 1968; Gaensler and 
Addington, 1969; Wright, 1969). The increasing high risk of urban air pollution 
by asbestos fibres is not only derived from asbestos plants but also from the 
disintegration or the wear and tear of asbestos containing products (Gaensler 
and Addington, 1969; Wright, 1969). Therefore, the potential hazards arising 
from exposure to airborne cisbestos inside building sprayed with asbestos contai-
ning materials is currently the subject of much more concern (Fed. Regist., 1980). 
Several epidemiological surveys and environmental monitoring have indicated a 
wide range of asbestos exposures: from environmental to heavy occupational 
atmosphere (Sebastien et al., 1977). Air pollution levels of asbestos were repor-
ted to be elevated in the areas surrounded by asbestos industries (Nicholson 
et al., 1975). This situation is mainly a result of difficulties in reducing the 
emission of fine particles of asbestos during factory operations (Friedrichs, 1977). 
Emission can also be associated with asbestos transportation (Fox and Collier, 
1976) and waste disposal (Ase et al., 1976) leading to contamination of the air 
and some times of surface water. Pollution in homes of asbestos workmen 
(Nicholson et al., 1975) is also related to industrial usage of asbestos. 
In recent years, considerable research efforts has been directed towards 
the problem of asbestos exposure and asbestos related diseases (Huncharek, 1986; 
Aroesty and Wolf, 1986; Wright et al., 1986). The properties which make asbestos 
a valuable raw materials also create problems when it is inhaled into the lung, 
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namely, the abi l i ty of the fibres to split longitudinally into fine f ibres and their 
resistance to chemical at tack. Pulmonary diseases caused by agents in our envi -
ronment have existed for centuries, although the complexity and extent of the 
problem has never been as great as i t is today. The primary funct ion of the lung 
as a gas exchange unit is wel l understood. Because the lung has such a large 
surface area O 5 0 m ) and because such large volumes of air experience its sur-
face, the lung is, in fac t , the major interface between an organism and its 
environment and the new toxicants reach the lungs not only through the air we 
breathe but also through the c i rculat ion. Therefore, to accommodate this rela-
tionship, the lung is extremely complex and is subject to stress as experienced 
by no other organ. 
Now three serious lung disease, i.e. asbestosis, pleural and peritoneal 
mesothelioma and bron^ hogenic carcinoma due to asbestos exposure in occupa-
t ional and non-occupational environment are on the wane. Besides these three 
severe diseases, inf lammatory response, pleural plaques, cancer of other organs 
have also been reported due to asbestos exposure (IARC Monographs, 1977; 
Selikoff and Hammond, 1979). The most c r i t i ca l point today is the establish-
ment of dose-response relationship. The aetiological relationship between the 
inhalation of asbestos fibres and lung carcinomas or pleural mesotheliomas is 
now well established (Selikoff et a l . , 1963; Selikoff et a l . , 1968). There are a 
number of ways in which the lung can be af fected by various dusts and noxious 
substances. The character and severity of the reactions are determined by : 
i) The nature and properties of the dust and noxious substances, 
ii) The amount of dus\ retained in the lungs and the duration of exposure 
to i t , and 
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iii) The individual idiosyncrasy and immunological reactivity of the subject. 
The various lung pathogenicity and/or diseases due to exposure of asbestos 
dusts to the respiratory system, are discussed below with special reference to 
their toxic effects: 
2.1 Inflammatory Response 
Inflammatory response oi asbestos to lung in asbestos-exposed population 
is known. Prolonged exposure of asbestos m the accumulation of macrophages and 
inflammatory cells in the air-spaces of the lung has been reported (Brody et al., 
1981; Warhest et al., 198^ ;^ Spurzem et al., 1987). The sequence of events in the 
lung, following deposition of dust particles includes a change in the free cell 
population, primarily characterized by an increase in pulmonary macrophages and 
polymorphonuclear inflammatory cells (Cohen, 1981; Richard and Curtix, 198^^). 
Further, a change in the composition of the lung lining fluids, followed by exposure 
to various mineral fibres have been reported (Richard and Curtis, 1984; Last and 
Reiser, 1984). The inflammatory response to these foreign bodies have been 
reported to stimulate the release of a variety of inflammatory cells mediators 
and growth factor which are reported to play an important role in the fibrogenesis 
of the lung (Nathan et al., 1980; Cohen, 1981). The toxicant induced cell injury 
and associated inflammatory response is followed by an increased rate of collagen 
synthesis and alteration in the type of collagen produced (Hance and Crystal, 1973; 
Hance et al., 1976; Last and Reiser, 1985; Chang et al., 1988). It is the resulting 
imbalance in collagen synthesis that appears to be responsible for the fibrotic 
changes in the lung. Howe wr , the important unknowns are the molecular connec-
tions that link cell injury, inflammation and increased fibrogenesis of the lung. 
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The other consequences of this inflarninatory process have been reported 
to be the release of oxygen free radical;;, which cause peroxidations of memb-
ranes and damage to biomacromolecuies such as DNA (Johnson and Ward, 1982). 
The typical influx of the inflarninatory cells (n'Sutrophils, macrcphages and fibro-
blasts) that occurs due to the generation of numerous chemotactic factors is an 
integral part of the response to asbestos mediated injury (Schoenberger et al., 1980; 
Bigon et al., 1982). The first reaction to asbestos involves a direct triggering of 
the inflammatory cascades (thrombin, plasmin and Kinin and arachidonic acid 
metabolism) which initiate a classical acute inflammatory response. 
Phagocytosis of pathogenic dusts by macrophages and other cells then 
leads to marked metabolic and functional changes such as macrophage activation 
(Brody et al., 1981; Sirois, 1985). Subsequent contact between dust and such a c t i -
vated cells can thus produce a greatly enhanced release of mediators like plasmi-
nogen activator and complement components and an exacerbation of the inflamma-
tory response (Bowden, 1971; Nathan.et al., 1980). Measurements of pulmonary 
alveolar macrophage (PAM) viability and function are est imates of the ability 
of fibres to affect the macrophages, thought to be an important mediator of 
immunogenic responses after inhalation of asbestos (Hartmen et al., 198't). Lac-
ta te dehydrogenase (LDH) release in tracheal epithelial cultures indicates damage 
to epithelial cells which are the progenitor cells of bronchogenic carcinoma, a 
tumor observed frequently in asbestos workers who smoke (Selikoff and Lee, 1978). 
Cell death may also he ol relevanr^e in vivo following contact with the 
more toxic types of asbestos with the products of cell lysis providing further 
fuel to the inflammatory {)rocess. 
Foreign body giant cells are considered to arise by fusion of several closely 
apposed activated -macrophages, and it is possible that this process particularly 
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favoured where several cells accumulate in an at tempt to engulf long asbestos 
fibres. Asbestos bodies are formed in such conditions when long fibres become 
coated with glucosaminoglycans and then impregnated with ferritin (Governa 
and Rosanda, 1972; Davis, 1965; Suzuki and Churg, 1969). Inhalation of asbestos 
(particularly in the occupational setting) is characterised by repeated, intermi-
t tent contacts between asbestos fibres and lung tissue. Cumulative effects of 
such repeated stimuli can be a granulomatous response, culminating in pulmonary 
fibrosis. Under these conditions, it is likely that macrophages activated by 
asbestos are a major source of fibroblast stimulating factors (Allison et al., 
1977; Heppleston and Styles, 1957). The magnitude of such a fibrogenic reaction 
is probably influenced by various factors for example, amount and residence 
time of dust in the tissues, the duration of the exposure, the cytotoxicity of the 
asbestos, and the extent of affected tissue, e tc . 
Direct agreement between the degree of inflammatory response and the 
tumor-promoting activities of asbestos has been reported (Jaurand et al., 1979; 
Morgan et al., 1977). It is possible that asbestos fibres acting as tumor promo-
ters , induce or enhance the release of inflammatory materials from intact cells 
(Placke and Fisher, 1987) and that this release is directly related to their co-
carcinogenic properties. 
2.2 Asbestosis 
Asbestosis is a chronic pulmonary disease produced as a result of inhala-
tion of asbestos of respirable size, over a long period of t ime. This corresponds 
to the fibrosis of the lungs, due to exposure and retention of airborn asbestos 
fibres, which may or may not be associated with fibrosis of parietal or visceral 
pleura (Parkes, 197^^). Asbestosis is not the generic term for all diseases. 
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associated with asbestos dust exposure, such as pleural thickening, pleural plaques, 
asbestos bodies fornnation, without the presence of parenchymal fibrosis. This 
term is reserved for the spec tic pathological entity of parenchymal fibrosis of the 
lung associated with exposure to asbestos dust. 
Asbestosis generally results from exposure to high concentrations of 
asbestos for prolonged periods from 10 to 20 years. The clinical, radiological and 
other signs on which the diagnosis is based are non-specific and subject to wide 
variations in interpretation (Acheson and Gardner, 1980). However, the incidence 
of asbestosis is generally considered to be directly proportional to the cumulative 
dose (Caseyetal, 1981; Acheson and Gardner, 1980). All types of asbestos can 
cause asbestosis (Acheson and Gardner, 1979). Becklake et al. (1979) suggest that 
if exposure to asbestos has been sufficiently high, the disease progresses even when 
the worker leaves the industry. The disease is progressive, even after contact 
with asbestos dust has ceased, but if exposure ceases at an early stage the prog-
ression may be slowed down in some cases (Newhouse, 1967). 
Gough (1965) described two anatomical forms - diffuse and solid fibrosis. 
The diffuse form shows cystic areas of varying sizes, depending on whether the 
smaller air passages or large bronchi are dilated. The distribution is not extensive 
and the changes are not uniform, thus making it different from the predominantly 
peripheral changes of idiopathic interstitial fibrosis. In the solid form, solid fibro-
tic masses, which mi-mic other pneumoconiosis or other conditions such as carci-
noma, may reach several centimeters in diameter and may occur in any part of 
the lung. The onset of the disease is markedly by dyspnea on excretion and a 
slight cough with scanty sputum. The working capacity of the worker diminishes 
with the advancement in the disease. 
Recently, however, several interrogations have been raised about the early 
stages of asbestosis. It has been shown that the disease can begin as a small 
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airway disease, with dusts and collagen concentrated in the wall of peripheral 
airways. Thus a characterist ic response in both experimental human fibrosis is 
an increase in lung collagen content. Fibrosis of the lung is characterized by -
i) Permanent alteration or destruction of alveolar architecture, 
ii) Collagenous stromal reaction of moderate to mixed degree. 
lii) Permanent scarring of lung. 
The mechanisms by which fibres induce lung fibrosis are not well known. 
Several important experimental results are now acquired: long fibres and large 
doses are more fibrogenic for the lung than short fibres, in humans as well as 
in animals (Davis et al., 1978; Wright and Kuschner, 1977; Stephens et al., 1987). 
Moreover, chrysotile seems to be more fibrogenic than amphiboles (Davis et al., 
1978). 
The cellular and molecular events leading to an increase of the connective 
tissue synthesis are not yet fully understood. However, it might be possible that 
alveolar macrophage could be stimulated by fibres to liberate a fibrogenic factor 
(Allison et al., 1977), as demonstrated for quartz by Heppleston and Styles (1967). 
It has been suggested that fibrosis of lung involves the interaction between pulmo-
nary alveolar macrophages (PAM) and lung fibroblasts (Reiser and Lest, 1979; 
Churg, 1982; Lugano et al., 1984; Warheit et al., 1986). Briefly, this hypothesis 
suggests that asbestos fibres on reaching the alveolar surfaces, are ingested by 
macrophages, which represent the best defense against air pollutants via the muco-
ciliary clearance (Clerici et al., 1986), but are promptly killed by cytotoxic effects 
of fibre. More macrophages entering the area also die and release of some fib-
f 
rogenic factor(s) occurs which stimulates the fibroblasts to increase collagen syn-
thesis, which eventually hyalinizes. The interstitial fibroblasts are the architect 
cells of lung tissues being responsible for the formation and degradation of 
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collagen and protein mucopolysaccharide complexes (proteoglycans, proteoglyco-
saminoglycans) which form the matrix necessary for the correct conformation of 
collagen fibres (Chvapil, 197^). However, increased collagen content can occur 
due to increased synthesis by a static number of lung fibroblasts or normal (or 
decreased) collagen synthesis by an expanded fibroblast population. 
Increased collagen synthesis by an expanding fibroblast population is an 
obvious third possibility. A number of in vitro and in vivo studies have described 
the production or release of factors, by asbestos fibre-exposed macrophages 
which can affect fibroblast proliferation and protein synthesis. Recently, alte-
ration in asbestosis due to immunoregulation of lung fibroblast growth is reported 
(Ira Lemaire et al., 1986). Pulmonary fibrosis in asbestos i n s u l a -
tion workers with lung cancer is also reported (Browne, 1986; Rudl, 1987). Previ-
ously it has been reported that dietary deficienty of protein did not alter the 
pattern of development of silicotic lesions (Zaidi and Kajv, 1970). Thus, inspite 
of nutritional deficiency of proteins, amino acid precursors for collagen were 
available. It seemed that the lung tissue either synthesized amino acids in situ, 
or derived them from other organs, especially liver, a major site for amino acid 
metabolism. It has been reported that some of the amino acid residues for 
collagen formation in lung in response to silica exposure arise by in situ forma-
tion from available precursors while others are contributed from other tissues, 
especially from liver. Thus, during the progression of silicosis there is a signifi-
cant derangement in amino acid metabolism, as evident from the amino acid 
content of lung, liver and serum (Singh et al., 1975). This may explain the avai-
lability of nonessential amino acids which account for 81% of collagen residues 
(Eastoe., 1955) for fibrosis and other cellular alteration. The essential amino acid 
of collagen can be obtained from the degradation of functional and catalytic 
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proteins of the cells by lysosomal enzymes (Viswanathan et al., 1973), since nor-
mal lung tissue protein contains a greater proportion (48%) of essential amino 
acids ( M u t t r g a n d Wortmann, 1954) than collagen (19%) (Eastoe, 1955). The pre-
sence of proline in free form only in silicotic animals assumes further signifi-
cance, as this amino acid together with hydroxyproline accounts for about 25% 
of collagen (Eastoe, 1955; Bowes and Kenten, 1948). It is well established that 
the hydroxylation of proline in the bound form is of paramount significance in 
collagen synthesis (Hausmann and Neuman, 1961; Stetten,1949). The significant 
increase of bound hydroxyproline in lungs also agrees with increased collagen 
formation. Direct chemical estimation of hydroxyproline and histopathological 
studies have also confirmed the increase in collagen formation. 
In asbestosis lung becomes scarred, or fibrosed, as a result of prolonged 
inhalation of asbestos fibres, the part of the lung that is damaged is at the fore-
end of the smallest bronchial tubes, the place where the lung transfers oxygen 
into the blood stream. Only the finest fibres are able to reach this part of the 
lung, having passed through airways of less than 1 mm in diameter. Experimen-
tal evidences suggest that fibres greater than 3 ^ m in diameter have very little 
chance of reaching this level and that is why scientist try to count only fibres 
of this diameter and less wider fibres get caught in the nose, throat and airways, 
whence the body's defences can remove them easily. 
The fine fibres, once down in the lung, are not readily removed. In fact, 
they damage the scavenger cells. Unfortunately, scar formation in the lung 
destroys useful lung tissue and ultimately will result in sufficient damage to 
impair the lung's ability to take up oxygen. This leads to the patient becoming 
short of breath and as the disease progresses, may be responsible for his or her 
death. 
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Asbestosis only occurs now-a-days in people with prolonged exposure. It 
is dose-related, that is, very high exposures, could produce the disease in a short 
time, but low exposure may take more than a working lifetime to cause it 
(Casey et al., 1981; Acheson and Gardner, 1980). 
As there is no known treatment and the disease is definitely progressive, 
if found late, early detection is essential. Further research on the early detec-
tion of the disease are in progress. There are reports that ferriginous bodies in 
alveolar dust may be taken as an indicator of fibrosis (Walchli et al., 1987). 
Further, asbestos related pleural and parenchymal fibrosis detection with high 
resolution C.T. is reported (Aberle et al., 1988; Friedman et al., 1988). 
2.3 Mesothelioma 
Mesothelioma is a malignant tumors of the lining of the thoracic (pleura) 
or more rarely abdominal cavity (peritoneum), with a distinct pathological entity. 
It is an extremely rare cancer in the general population but can account for as 
many as one in thirty of the malignancies found in asbestos workers (Selikoff et 
al., 1980). The latency period between first exposure and appearance of the tumor 
is from 20 to i^O years, irrespective of the age at first exposure (Wagner and 
Elmes, 1981). There is some evidences from studies of workers that the risk of 
pleural mesothelioma increases with both intensity and duration of exposure 
(Newhouse et al., 1972; Whitwell et al., 1977, 1981), however, exposures in some 
cases have been as short as 6 weeks (Newhouse et al., 1972). In addition, a small 
number have occurred in children where age was less than the latency period of 
asbestos-induced mesothelioma (Kannerstein and Churg, 1980). On the basis of the 
few available data, several authors have suggested that the dose-response relation-
ship may be linear (Peto, 1978; Acheson and Gardner, 1979). 
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From the experimental studies on mesothelioma induction, the information 
available todate suggest that there is no minimum dose threshold below which the 
risk of mesothelioma development is zero. Whitwell and Raweliffe (1971) have 
classified mesothelioma into four main types, such as tubopapillary, sarcomatous, 
undifferentiated polygonal type, and mixed type. 
A brief sumtnary of features of the morphology of human diffuse malig-
n a n mesothelioma may be desirable due to its chronic effects. The term diffuse 
is significant. Although possibly limited in its earliest phases, when mesothelioma 
is symptomatic, it involves both the parietal or visceral serous layers entirely 
or at least very extensively. Fluid is usually present in any residual spaces of 
the involved pleural or peritoneal cavity. Pleural mesothelioma is more common 
than peritoneal, except in certain heavily exposed occupational cohorts (Selikoff 
et al., 1973). 
Invasion of included organs and extension to adjacent tissues are frequent 
metastasis to lymph nodes and to various organs such as the opposite lung, liver, 
adrenals, bone thyroid and brain occur in about half of the cases (Churgand 
Selikoff, 1967; Kannerstein and Churg, 1977). It should be pointed out that 
although the gross pathology of rnesothelioma is characterist ic, it is not specific 
and can be closely stimulated by and indistmguishable from metastasis of other 
tumors to the serous membranes. The mesothelioma generally spreads locally 
round the pleura into the peritoneum, media-stinurn and lung and clinical evidence 
of distant metastasis is uncommon. The pleural tumor presents with breathless-
ness or chest pain, and the usual radiographic appearances are of pleural effusion 
and nodular pleural tumor. The disease progresses remorselessly the patient 
suffer more and more pains and molaise, loose weight and eventually die within 
two years. 
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Peritoneal mesothelioma has the same prognosis and causes ascites and 
obstructive intra-abdominal lesions and swelling in the abdomen. A feature that 
is of basic interest, as well as of diagnostic utility in many cases, is the capa-
city of mesothelial cells to secrete the hyaluronic acid. This substance is not 
produced by tumors of intrinsically epithelial derivation, and its demonstration in 
effusion fluids and in tissues by chemical or histochemical methods can be decisive 
in diagnosis. Conversely, the presence of neutral mucin as produced by native epi-
thelial cells and adenocarcinomas and not by mesothelioma excludes the diagnosis 
of the latter (Kannerstein et al., 1973). 
The studies on the etiologic association of mesothelioma and asbestos expo-
sure has some problems, due to the long latent period between the first exposure 
and appearance of symptoms and the occurrence of cases with a history of very 
brief or low dose exposure (Sell k off and Lee, 1978). However, the first problem 
does not necessitate the latter but there are cases of mesothelioma with evidence 
of having received only a very small amount of asbestos. This leads to the subject 
of the dose-response phenomena. Occupational studies have clearly indicated the 
increase in the rate of mesothelioma occurrence in workers with increasing 
intensity and duration of exposure to asbestos (Newhouse et al., 1972; Writewell 
et al., 1977). 
The variation in the dose required to induce mesothelioma by mineral fibres 
in some cases may be attr ibutable due to differences in individual genetic tissue 
susceptibility. Whitwell et al. (1977), using a tissue digestion procedure and phase 
microscopy, determinea the number of asbestos fibres per gram of dried lung 
tissue. They established that 78% of patients with mesothelioma had more than 
100,000 fibres whereas 71% in a control series contained less than 20,000. The 
majority of mesothelioma cases had over 500,000 fibres per gram, but none of the 
39 
control cases approached that level. It was observed that a considerable pro-
portion of cases of mesothelioma are patients without asbestosis, especially those 
with mdirect occupational or non-occupational exposure. A small number of 
cases of mesothelioma have occurred in children (Grundy and Miller, 1972) where 
age was less than the latency period. A few spontaneous (that is, non-experimen-
tal) mesotheliomas have been reported in animals: in dogs, cat t le , goat, horses, 
rats and Syrian hamsters. 
The cause-effect association of asbestos and mesothelioma has been 
amply confirmed by animal experimentation (Smith et al., 1965; Wagner e t a l . 
1973; Wagner and Berry, 1969; Craighead et al., 1987). Intrapleural and intra-
peritoneal inoculation of a variety of animals (especially rats and hamsters), has 
been the most frequently used technique. Inhalation and intratracheal injection 
have also been employed (Wagner et al., 197^ ;^ Bryks and Bertalanffy, 1971). 
Although direct introduction of asbestos into the serous cavities has been acknow-
ledged as inconsistent with the situation in humans and it has permitted investiga-
tions and clarification of a number of questions that might not have been feasi-
ble with the inhalation method. By treating the asbestos fibre with a solvent 
before inoculation, the possibility of contaminating hydrocarbon as the essential 
carcinogen or co-carcinogen was eliminated (Wagner, 1973). Further it was shown 
that the addition of the polycyclic hydrocarbon carcinogens such as benzo(a)-
pyrene, had no effect on the incidence or histological types of mesothelioma, 
induced by asbestos (Scheuer et al., 1973), Trace metals were similarly not 
demonstrated to have any effect on mesothelioma induction. 
The detailed mechanism of carcinogenesis caused by asbestos exposure 
are not completely clear. Both physical and chemical properties of the fibres 
have been implicated (Stanton and Wrench, 1972; Langer and Nola, 1985). The 
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two major classes of asbestos, the serpentines and the amphiboles have different 
physico-chemicaJ properties and also appear to cause different incidences of 
mesotheliomas in humans (Wagner et al., 1960; 3ones et al., 1976; McDonald et 
al., 1980). Their tumorigenic effects in experimental animals are, however, 
similar (Wagner and Berry, 1969; Stanton and Wrench, 1972). A significant 
approach to the mechanism of mesothelioma causation was accomplished by 
Stanton (1973), who applied a variety of fibres to the pleura of rats . Pott et al. 
(197^1) showed that chemically similar but non-fibrous material yielded few or 
no tumors. Thus, it seems probable that it is the physical form not the chemi-
cal constitution or the molecular structure that is responsible for the tumorige-
nic effect of these fibres on the serous membranes. Much work has been applied 
to the question of the most carcinogenic fibre dimensions. Fine fibres, with 
diameters of less than 0.3 /um have been considered significant in the induction 
of mesothelioma (Wagner et al., 1973). However, there have been contradictory 
finding regarding length, especially of fibres less than 10 ^ m . Although most 
investigators appear to use standard UlCC preparation characterized by Timbrell 
(1973), differences produced by milling and other variations in technique compli-
cate comparison of results. Wagner et al. (1973) found UICC crocidolite samples, 
the most carcinogenic of these preparations, but ground, serpentine UICC 
chrysotile proved highly carcinogenic. The properties of chrysotile fibres that 
tend to fragment it longitudinally in lung fluids make it more toxic than amphi-
boles, which lack this property. Inhalation experiments allowing for species 
differences between man,and laboratory animals, approach more nearly the 
circumstances of human exposure and all the pathogenic effects of asbestos on 
the lung, including mesothelioma, have been reproduced using this route (Wagner 
et al., 197^1). In these inhalation experiments of Wagner et al. (197't), an 
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interesting feature was the occurrence of two mesotheliomas of the only one 
day's exposure to asbestos, out of 11 mesotheliomas in rats exposed for vary-
ing periods upto 2^ 1 months. Chrysotile proved as carcinogenic and fibrogenic 
as the amphiboles. The complexities of dose calculation have been discussed by 
Davis (1978). Experiments performed by Bryks and Bertalanfly (1971) have 
shown the high degree of sensitivity of chrysotile in the production of mesothe-
lioma, even when administered by the tracheal route. Experiments with inges-
tion of asbestos have provided no conclusive evidences as to a role for this route 
in carcinogenesis (Selikoff and Lee, 1978). There is a definite aetiological rela-
tionship to crocidolite exposure and it has suggested that other types of 
asbestos may cause the disease in man but evidence for this is scanty. Moreover, 
ca rc inogenic nature of f i ie i s a l so i t s a 'Dili ty to penetrate to the pleura 
or peritoneum in sufficient quantity, when inhaled. Rat pleural, mesothelial 
cells (PMCs) in culture phagocytize both chrysotile (serpentine) and crocidolite 
(amphibole) asbestos fibres (3aurand et al., 1983). Vacuolar changes of the 
cytoplasm, prolonged population doubling times and polyploidy, however, have 
been found mainly in chrysotile and less commonly in crocidolite t reated cells, 
especially, at a low dosages (3aurand et al., 1983). By light microscopy, chry-
sotile also induces chromosomal aberrations, including fragmentation and breaks 
in PMCs (Jaurand et al., 1986). It has also been reported that crocidolite 
induces chromosomal changes in PMCs and other types of cells in culture but 
with the lower incidence than chrysotile (Hesterberg et al., 1985; Sincock and 
Seabright, 1975). These finding indicate that these two types of asbestos 
cause different degrees or pattern of cytoplasmic and nuclear changes in cul-
tured cells and also suggest the possibility of a direct interaction between 
asbestos fibres and chromosomes (3aurand et al., 1986). The rat pleural 
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inesothelial cel l (RPMC) cultures are also used as a tool to investigate asbestos 
related pleural disease, namely, mesothelioma, by studying the nature of target 
cells insult as wel l as the events related to neoplastic t ransformation and the 
modulating factors that influence cel l t ransformat ion. Neoplastic t ransformation 
in v i t ro is a progres'iive mult i -step process (Barrett and Ts'O P.O.P., 1978) 
which has been extensi/e ly studied in di f ferent cel l types (Barret t , 1979; Meyer, 
1983; Reznikoff et a l . , 1973), and possess specif ic character ist ic and growth 
patterns. Morphological t ransformat ion, aneuploidy (Tsutsui et a l . , 1983), f ib r in -
lysis (Karsteem and WoUenberger, 1977), anchrorage independent and growth in 
medium containing low concentrations of either serum or divalent cations 
(Barrett , 1979). Colbum et a l . (1978), Dipaolo and Casto (1979) and 
Shimada et a l . (1983), have been used as markers for cel l t ransformat ion since 
asbestos fibres induce mesothelioma after intrapleural in ject ion in rats. It is of 
interest to study the growth and other characterist ics of mesotheiial cells in 
order to compare normal and neoplastic cell types. 
It has generally been accepted that diffuse mesotheliomas arise f rom 
the surface mesothelium, using intraperi toneal inoculation of rats and mice 
(Davies, 197^^), fol lowed the response through a granulomatous and then a f ib ro-
t ic phase. Pott et a l . (197^^) f rom their experiments do not regard fibrosis as an 
in i t ia t ing phase of mesothelioma. Wagner lists tubulopapil lary, mixed, and 
spindle cells, the mixed being most frequent. However, spindle cells predomi-
nated in the mixed cases and many authors describe in animals a predominance 
of sarcomatous tumors (Sobet et a l . , 1978; Pott et a l . , 197^; Reeves, 1976). 
Nevertheless,some epithel ial mesothelioma, identical wi th those in humans, 
havebeen seen in hamsters. As wi th their human prototypes, animal mesothe-
liomas produce hyaluronic acid (Wagner and Gerry,1969), Pylev (1976), indicating 
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similar mesenchyme derived cell function. 
The tumor mesothelioma has provided a strikingly identifiable example 
of the hazards to man resulting from his own assault in the environment. The 
ability to reproduce the tumor in animals has advanced, understanding of a num-
ber of mechanism. The revealation of fibre carcinogenesis has opened a new 
dimension in the comprehension of neoplastic process. Thus, with regards to the 
carcinogenic process, there is as yet no consensus of scientific opinion about 
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what actually happens at the cellular level to instigate the neoplastic reaction 
to asbestos fibres. 
2 A BronchoRenic Carcinoma 
Bronchogenic carcinoma is a tumor of the epithelial cells lining the 
upper airways. It was estimated by Nicholson et al. (1982) that past asbestos 
exposure may currently account for approximately 2,000 mesothelioma deaths 
per year and '^•,000 to 6,000 lung cancer death per year. This cancer occurs with 
a high incidence in both asbestos workers and smokers in the general population 
(Hammond, 1966). The potentiating effects of exposures to asbestos and ciga-
rette smoking on the development of bronchogenic carcinoma have been docu-
mented extensively and verified by both epidemiological and experimental 
studies (Berry et al., 1972; Saracchi, 1977; iMeurman et al., 1979; Pylev and 
Shabad, 1973; Topping et al., 1980; Mossman and Craighead, 1982; Mossman 
et al., 1983). Thus the asbestos may strikingly intensify the action of carcinogen 
present in the particulate phase of smoke, such as polynuclear aromatic hydro-
carbons (PAHs) inhaled into the respiratory tract. 
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Among the occupational and environmental carcinogens, PAHs rank 
first and asbestos second in the magnitude of hazards (Selikoff and Lee, 1978). 
Epidemiological as well as experimental studies have shown coincident exposure 
to PAHs and particulate may be a great health hazards than exposure to these 
agents separately (Selikoff et al., 1968). Here asbestos acts as a co-carcinogen, 
and adsorbs carcinogenic constituents of cigarette smoke, leading to a relative 
persistence of carcinogen in lung tissues (Lakowicz et al., 1978; Lakowicz and 
Bevan, 1979). The possible process of chemical carcinogenesis due to environ-
mental or occupational contamination of carcinogens, is depicted ii|i Fig. 5. 
Asbestos fibres probably also act indirectly as promoter of carcinogenesis, 
possibly, since their recalcitrance in tissues results in a persistent stimulation of 
macrophages, and stimulated macrophages are known to be a source of many 
potent mesenchymal cell growth factors under some circumstances (Lee, 1985). 
Since PAHs, the major constituent of the particulate phase of cigaret te 
smoke, are known to be versatile lung carcinogens, therefore, the information 
related to their metabolic activation to ultimate carcinogens and the events 
which are responsible for the synergistic action of asbestos and cigarette smoke 
in the development of bronchogenic carcinoma are extremely important which 
are discussed below. 
The association of occupational asbestos exposure with bronchogenic 
carcinoma is now well recognised (Berry et al., 1972; Saracchi, 1977). Although 
the non-smoking asbestos workers have a substantially smaller risk (3-5 fold) 
of developing tumors than tobacco smokers with no occupational exposure 
(12-16 fold higher risk) than general population (Hammond, 1972; Doll and 
Peto, 1978). In contrast, the smoker workers who smoke have an 80-92 fold 
higher incidence of bronchogenic carcinoma than non-smoking and non-exposed 
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Fig. 5 The process of chemical carcinogenesis. Dosimetry at a late 
stage in the cascade of events such as macromolecular adduct 
formati<jn is anticipated to be more relevant than at an early 
stage. 
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population (Selikoff et al., 1968). These data unquestionably indicate that 90% 
of the asbestos related cancer are the result of the co-carcinogenic effects of 
cigarette smoking and the inhalation of asbestos fibres. Thus, the increased inci-
dence of lung cancer in smokers compared to non-smokers or those who do not 
work with asbestos is indicative of a co-carcinogenic effects. Kimizuka et al. 
(1987) reported that when hamsters were injected intratracheally with asbestos 
and benzo(a)pyrene (B(a)P), which is contained in cigarette smoke, lung tumors 
induction changes in epithelium of airways was observed. They also reported 
that tumor was not induced in the hamsters injected with asbestos or B(a)P 
alone, except epithelial hyperplasia, this results showed the synergistic effects 
of asbestos and B(a)P in causing carcinoma of the lung but the exact mechanism 
of which needs further clarification. Thus, it may be concluded that asbestos 
besides being a physical (or solid state) carcinogen, may also markedly augment 
the effect of other chemical carcinogens (Topping and Nettesheim, 1980), such 
as PAHs, found in cigarette smoke (Hoffmann et al., 1978), probably the result 
of pyrolysis processes (Hecht et al., 1980). 
The carcinogenic concept has been demonstrated by studies utilizing 
asbestos with B(a)P (Shabad et al., 197^+). In experimental models of pulmonary 
carcinogenesis, a number of investigators have used particles such as hemati te, 
aluminium oxide and carbon as vehicles for the delivery of adsorbed PAH to 
the respiratory t rac t (Nettesheim, 1972), After intratracheal instillation of 
PAH on various particles, the chemical carcinogens appear to be eluted and 
enters the tracheobronchial epithelium (Kennedy and Little, 1975). The inte-
raction of B(a)P with asbestos has been reported to affect the uptake (which 
involves the biochemistry of cell membranes in the portals of entry and the 
structure function relationships of carcinogen absorption) and distribution 
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(which involves the mechanism of transport through the body and the distri-
bution between tissues) of B(a)P inside the cells (Daniel et al., 1980). Under 
these circumstances, number of tumors appearing are increased above the 
numbers observed with use of PAH alone. 
Further, there is report that particulate matter increase the carcinoge-
nic potency of PAH. For example, intratracheal instillation of B(a)P results in 
only low incidence of lung cancer unless hematite is also instilled {Saffiotti et 
al., 1965, 1968). Other co-carcinogenic particulates include asbestos (Pylev and 
Shabad, 1973), aluminium and titanium oxide (Stenback et al., 1976) and India 
ink (Pylev, 1961). In humans, cigarette smoking and asbestos inhalation are 
known to be highly co-carcinogenic (Selikoff et al., 1968). 
Further work in this area provided evidence about the chemical and 
physical characteristics of particles that may influence the induction of tumors 
by some means other than lengthening the residence time of the carcinogens, 
such as B(a)P (Kandaswami et al., 1982, 1986). This indicates that particles 
act not only as physical agent in decreasing bio-availability or release of 
B(a)P, but may also behave as co-carcinogens by altering metabolic pathways, 
such studies would be of interest to those attempting to understand the role 
of environmental factors in the incidence of cancer in humans. The possible 
complexity of benzo(a)pyrene metabolism and the resultant alteration of DNA 
are given in Fig, 6. 
As it is clear from the above discussion that majority of asbestos 
related cancers appears due to the co-carcinogenic effects of asbestos exposure 
and cigarette smoking and also the potency of various chemical carcinogens, 
including PAHs has been found to be increased by asbestos and other particu-
lates, therefore, the interaction of asbestos with the known carcinogens 
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present in cigarette smoke may be responsible tor the synergism between asbes-
tos fibres and these carcinogens in the development of bronchogenic carcinoma 
in asbestos exposed workers with smoking habits. 
The binding of environmental carcinogens to asbestos and other minerals 
have been established (Harvey et al., 1984). Further, the association of PAH 
with particulate surface are, well or clearly established (Committee on Biolo-
gical Effects of Atmospheric Pollutants, 1972; Pierce and Katz, 1975; Miguel 
and Natusch, 1975; Menard et al., 1986). Two general types of reactions of 
PAHs appears to be possible. The first types of reaction involves the photo-
chemical and non-photochemical oxidation of individual PAH. The second 
types involves the studies on the chemical reactions undergone by PAH adsor-
bed on particulate air pollutants surface such as asbestos, which are likely to 
be present in the environment. It can be stated that the actual process of 
absorption significantly alters the chemical characteristics of many members 
of polycyclic organic mat ter (including both PAH as well as several nitrogen 
containing heterocyclic compounds) (Natusch, 1978; Korfmacher et al., 1979). 
This adsorption of pyrene, phenanthrene, fluoranthrene, anthracene and benzo-
(a)pyrene onto coal fly ash, activated carbon or graphite particles resulted 
in effective stabilization of these compounds against photochemical decompo-
sition (Natusch, 1978; Korfmacher et al., 1980; Hughes et al., 1980). Thus, 
the binding studies gave some explanations for the reported synergism between 
exposure to asbestos and the smoking habits of asbestos workers. The binding 
of asbestos (of respirable size) with benzo(a)pyrene accelerates the transport 
of ben/-o(a)pyrene into the cells (LaKowicz and Hylden, 1978; Daniel et al., 
1980; Kandaswami and O'Brien, 1980; Eastman et al., 1983) and thereby provides 
one route by which asbestos may enhance the carcinogenic activity of benzo(a)-
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pyrene which is a major constituent of cigarette smoke. The amounts of ciga-
re t te smoke carcinogens released into environment are recently reported 
(Hoffman et al., 1987; Hiller et al., 1987). Thermal t reatments and solvent 
leaching studies of combustion particles such as coal fly ash, strongly suggest 
that volatile surface species including sorbed PAH compounds are largely res-
ponsible for the observed mutagenicity (Chrisp et al., 1978; Fisher et al., 
1979). Thus the interfacial chemistry governing PAH-particle interactions is 
also of potentially great significance in the control, environmental transport, 
and reactivity of cigarette smoke and combustion generated PAH. The experi-
mental studies has suggested that PAH sorption on airborne particles alters 
PAH photoreactivity (Korfmacher, 1978; Korfmacher et al., 1980). This shows 
binding of environmental PAH on the surface, enhances the reactivity of PAH. 
It was observed that when the PAH adsorbed to the surface of particulates 
such as fly ash, the normal photooxidative degradation of PAHs was prevented 
(Korfmacher et al., 1980) and thus their biological activity is prolonged. People 
reported that there is no effect on the biological activity of carcinogen on the 
adsorption on the surface of asbestos (Harvey et al., 1984). In the induction of 
bronchogenic carcinoma, it is vital that the inhaled carcinogen be retained by 
the lung (LaKowicz and Bevan, 1979). Since asbestos is known to be efficiently 
retained in the lungs (Shabad et al., 197'f; Pylev et al., 1969), the adsorption of 
the carcinogen to the particulate may retard the pulmonary clearance of the 
carcinogen, thus enhancing the total exposure level to the carcinogen and 
prolonging the duration of contact with the site of metabolic activation to ulti-
mate carcinogens. 
A new hypothesis concerning the synergistic action of asbestos and ciga-
re t te smoke in the induction oi bronchogenic carcinoma has been proposed by 
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Gerde and Scholander (1987). They showed that the adsorption of phospholipids 
from lung surfactant onto inhaled asbestos fibres nnay create a unique opportu-
nity for lipophilic carcinogens of tobacco smoke, e.g. PAHs to diffuse within 
all lipid environment across the aqueous regions of the bronchial lining layer 
into the cellular membrane of the broncliial epitheiiuni. This suggested, lipid 
link mechanism can give very local but extremely high cellular doses of 
carcinogens at the preferential sites of asbestos and smoke deposition in the 
lung. Consequently, this may contribute to the strong synergism observed 
between smoking and asbestos exposure for the induction of bronchial cancer in 
asbestos workers. 
Cigarette smoke is also reported to play an important role in the pene-
tration (McFadden et al., 1986b), retention (McFadden et al., 1986a) and biolo-
gical effects of asbestos. There is abundent evidence that cigaret te smoking 
leads to airways obstruction. Several previous studies have shown that cigarette 
smoking causes deterioration in small airways function and structure (Bereud 
et al., 1981; Casio et al., 1977, 1980). Cigarette smoke itself modified the 
metabolism of asbestos procarcinogens, for example, it reduces the clearance 
of the fibres from the respiratory t ract by impairing the tracheobronchial muco-
ciliary system (McFadden et al., 1986). It further helps in penetration of the 
asbestos fibres into the airways walls (McFadden et al., 1986b). This retention 
of fibres may increase the concentration of adsorbed carcinogens of the ciga-
re t te smoke, which initiate and promote the bronchogenic carcinoma. Benzo(a)-
pyrene, one of the vital components of cigaret te smoke induces cytochrome 
P-ki^2, proteins which generally catalyze the formation of more reactive meta-
bolites, i.e. ultimate carcinogens (Parke, 1983; Sagami et al., 1987). The role 
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of cytochrome P-'f50 and cytochrome P-'+'tS in the detoxication and activation 
of carcinogens by lung is shown in Fig. 7. Moreover, cigaret te smoke also 
reduced antioxidants, depress proteinase inhibitors, generate free radicals and 
stimulate cell transformation (Keith and Mossalder, 1986; 3anoff et jal . , 1979; 
Nakayama et al., 198'^; Pryor et al., 198^+). Further, the effect of smoking and ©Cj-
antitrypsin deficiency on lung function has been reported (Eriksson, 1985). 
Cigarette smoke also contains two very different population of free radials, 
one in the tar and other in the gas phase (Church and Piyar,1985). The major 
radicals of tar phase are quinone/hydroxy quinone (Q/QH_) complex held in the 
tarry matrix. This radical Q/QH^ polymers are reported to be an active redox 
system that is capable of reducing molecular oxygen to produce 0 _ ' , even-
tually leading to H-^O- and OH' radicals. These principal radical in tar reacts 
with DNA in vitro studies. The gas phase contains small oxygen and carbon-
centered radicals that are much more reactive than are the tar phase radi-
cals. These radicals and the metastable products derived from these radical 
reaction may be responsible for the inactivation of °C\ protemase inhibitors 
by fresh smoke. These damage by free radicals of smoke may affect the 
interaction of asbestos with the lung tissues. Abundant evidence indicate 
that cigaret te smoking increases the incidence of the four major cell types: 
epidermoid carcinoma, small cell carcinoma, adenocarcinoma and large cell 
carcinoma (U.S. Department of Health & Human Service, 1982). 
There are several possible means by which asbestos fibres could cause 
enhancement of the incidence of lung cancer induced by cigarette smoke, which 
contains benzo(a)pyrene. 
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a) Asbestos may adsorb the carcinogens or affect membrane structures 
thereby facilitating transport of the carcinogens across the plasma 
membranes (LaKowicz and Bevan, 1980). 
b) Asbestos fibres increased the binding of benzo{a)pyren( to isolated 
microsomes (Kandaswami and O'Brien, 1980). This property of asbestos 
could increase the availibility of plus carcinogens for metabolic activa-
tion. It is also known that the carcinogenic activity of benzo(a)pyrene 
requires its metabolic activation to intermediates or products which can 
then bind to and chemically alter the DNA (Gelboin, 1980). Thus, 
asbestos enhances the activation of benzo(a)pyrene, also its carcinogenic 
effects. 
c) Asbestos enhances the induction of arylhydrocarbon hydroxylase by 3-
methyl cholantherene, thus asbestos may increase the conversion of some 
procarcinogens into their active metabolites by altering the activity of 
requisite enzyme system (Seifried et al., 1977). 
d) Asbestos catalyze the oxidation of 6-hydroxybenzo{a)pyrene, a benzo(a)-
pyrene metabolic intermediate (Falk et al., 1962; Lesko et al., 1975; 
Ts'O et al., 1977) to form the 6-oxo-benzo(a)pyrene radical (Graceffa 
and Weitzman, 1987). It has-been suggested (Kodama and Nagata, 
1977; Lorentzen et al., 1975; Ts'O et al., 197^) that the 6-0-B(a)pyrene 
radical and/or oxygen radicals produced during its formation may be res-
ponsible for the carcinogenicity and toxicity of 6-0H-B(a)P (Schechtman 
et al., 1974) and the chemical reactivity of 6-OH-B(a)P towards DNA 
(Nagata et al., ish, 1982). Further oxidation of the 6-0-B(a)P radicals 
leads to a variety of B(a)P-diones(Lorentzen et al., 1975), which can 
produce strand breakage in DNA and which are toxic to cells (Lorentzen 
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et al., 1979). O'Brien (1985) has reported the free radical mediated 
DNA binding. 
e) The mineral fibres also decreases the rate of DNA repair that result 
high concentration of DNA adducts in the target tissue (Eastman et 
al., 1981). This may be responsible for high risk of bronchogenic carci-
noma formation in asbestos workers with smoking hab.its 
f) In the presence of asbestos PAHs could be increasingly activated by 
another enzyme systems like prostaglandin synthetase and phospholipase 
A, activities, resulting high concentration of ultimate carcinogens of 
PAHs in the tissue (Sirois et al., 1980; O'Brien, 1981), which will bind 
with macromolecules such as DNA, that may initiate the multistep 
process of carcinogenesis. 
g) The asbestos may increase the level of AHH and/or epoxide hydratase 
in the cells that will result in the increase in the levels of activated 
benzo(a)pyrene (Daniel et al., 1980). 
h) Various divalent cations leached from the fibres could perturb the 
metabolism of the hydrocarbon possibly leading to increased DNA 
binding (Hart et al., 1980). 
i) Interaction of the charged asbestos fibres with the DNA could perturb 
the electronic structure of the purine and pyrimidine bases, leading to 
tautcjneric forms that are better nucleophiles for the various activated 
B(a)pyrene species (Light and Wei, 1980). 
j) Some other mechanisms may be operating. 
• 
Thus, the ability of asbestos to catalyze the oxidation of B(a)P interme-
diates offers another possible mechanism to account for the synergism between 
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cigarette smoking and asbestos inhalation, in causing lung cancer. The role of 
free radicals in aromatic hydrocarbon carcinogenesis has been reported by 
Cavalieri and Rogan (1985). The mechanism by which asbestos fibres increase 
the carcinogenic efficacy of PAH is not well understood. Because asbestos is 
cytotoxic (Harrington et al., 1975), it could impair the cellular metabolism of 
PAH consequently decreasing their clearance from the body. The metabolism 
of B(a)P is also recently reported to be affected by its products formed 
(Keller, 1987). Therefore, studies on the characterization and identification of 
various metabolites formed by the benzo(a)pyrene in the presence of asbestos 
opens new direction to understand the molecular mechanism of synergism bet-
ween asbestos and ben2o(a)pyrene in the development of bronchogenic carcinoma. 
A comparative studies carried out by adsorbing identical amounts of the 
radioactively tagged PAH, 3-Methylcholantherene (3MC), to the surface of 
various particulates including crocidolite, hematite kaolin anc carbon before 
their precipitation on tracheal organ cultures (Mossman and Craighead, 1982), 
showed the development of tumors in a fashion related directly to the amount 
of 3-MC on tissues. All minerals with adsorbed 3-MC were carcinogenic, 
whereas minerals without hydrocarbon did not induced tumors. At highest 
amounts of dusts,maximum maliganandeswere observed using crocidolite than 
other materials. Cellular incorporation and retention of the PAH, B(a)P after 
it was coated on asbestos fibres were reported (Eastman e t a l . , 1982; 
Mossman et al., 1982) when H-B(a)P was adsorbed to either crocidolite or chry-
sotile before their addition to cultures of tracheal epithelial cells, a rapid and 
efficient transfer of the chemicals were documented by autoradiography and 
scintillation spectroscopy. A small but reproducible decrease in water soluble 
metabolite of B(a)P occurred when fibres were coated with B(a)P. Kandaswami 
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and O'Brien (1980) also reported the same observation, the inhibition of meta-
bolism of B(a)P when it was added with asbestos to rat liver microsomes. 
In contrast, increased metabolism of B(a)P was observed in cultures of 
human skin fibroblasts when chrysotile is added 2^- hr prior to the addition of 
hydrocarbon (Hart et al., 1980). 
The metabolism of PAH have been found to be affected by the t race 
metals associated with asbestos fibres (Thomson et al., 197^ +; Dixon et aJ., 1970). 
Certain metals such as copper and nickel has increased the activation of mixed 
function oxidases and others (e.g. chromium, nickel, cadmium) are carcinogenic 
either in the simple ionic s tate or when complexed with macromolecules (i.e. 
iron dextran, ferrous glutamate) (Sunderman, 1978). 
The studies on the asbestos mediated lipid peroxidation, which catalyze 
the biactivation of chemical carcinogens (such as PAH) are very important and 
gives an idea about the synergism between asbestos and cigarette smoke in the 
induction of bronchogenic carcinomas (Dix and Marnett, 1983). The formation 
of free radicals by asbestos caused lipid peroxidation (Jazte et al., 1987) and 
the peroxides formed as a result of lipid peroxidation, act ivate the benzo(a)-
pyrene to the ultimate carcinogens (Gower and Willis, 1986). Thus the activa-
tion of B(a)P to ultimate carcinogens by peroxides enhances the high risk of 
bronchogenic carcinoma development. 
Lysosomal enzymes are known to be released in the asbestos t reated rats 
lung (Viswanathan et al., 1973) which enhances the concentration of ultimate 
carcinogens inside the lung by reacting with the preformed conjugated pro-
ducts of ultimate carcinogenic metabolites of benzo(a)pyrene with conjugating 
system. Thus enhances the binding of ultimate carcinogens of benzo(a)pyrene 
with DNA, the first step, which initiate the carcinogenesis process. 
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The content of 3,'t-benzo(a)pyrene in chrysotile asbestos and its signi-
ficance to the biological effects of asbestos has been reported by Misra et al. 
(1975). 
Metabolic activation, disposition and biotransformation of PAHs such as 
benzo(a)pyrene, which are known to be present in the particulate phase of 
cigarette smoke, are mediated by the membrane bound enzyme system, aryl 
hydrocarbon hydroxylase (AHH) (Gelboin, 1980). Factors which modify the 
activity of this enzyme may have profound effects on the microsomal levels 
of benzo(a)pyrene metabolism. There is report that chronic smoke exposure 
also increases the activity of pulmonary AHH in mice and thereby affect the 
metabolism of benzo{a)pyrene (Abramson and Hutton, 1975). Akin and Benner 
(1976) showed that in rats the largest increase in enzyme activity of AHH from 
smoke exposure was produced by cigarette smoke. In these studies, AHH acti-
vity was monitored several hours to several days following smoke exposure, 
thus the induction of AHH will affect the synergism between smoke and 
asbestos in the high risk of bronchogenic carcinoma formation in asbestos 
workers, with smoking habbit. 
It is, therefore, any mechanisms which offers the possibility of increa-
sing the detoxification of benzo(a)pyrene in the respiratory system would 
appear to be of particular importance because of the widespread occurrence 
of this carcinogen in a form, in which it is inhaled. Many organisms, particu-
larly vertebrates possess metabolic pathways capable of activation and/or 
deactivation of adsorbed|PAHs. The general mechanism involves, formation 
of metabolite usually by cytochrome P-450 mediated, mixed-function oxidase 
system (MFOs) and transformation by microsomal epoxide hydratase and 
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glutathione-S-transferase into less toxic and more hydrophilic conjugates 
(Gurtoo and Bejba, 1974; Gelboin, 1980; 3akoby et al., 198'f). Among the 
mechanisms responsible for toxicity and detoxification, there is the growing 
appreciation that a delicate balance exists in each tissue between enzymes 
that form toxic intermediates and those that detoxify these highly reactive 
intermediate. This balance may vary depending on different tissues, strains 
and species. Other factors contributing to an individuals susceptibility 
to xenobiotic toxicity may include genetic predisposition,age, nutrition, 
hormone levels, diurnal rhythms, compartmentalization of the enzymes 
(local PH, saturating versus non-saturating substrate concentrations Km, Vmax), 
efficiency, if DNA repair and RNA and protein de novo synthesis, and immuno-
logical competence (Gelboin, 1980). 
Though the above discussed factors throw some light on the synergism 
of asbestos and benzo(a)pyrene in the development of bronchogenic carcinoma 
in asbestos workers with smoking habits but the molecular mechanisms res-
ponsible for high risk of bronchogenic carcinoma formation, in asbestos workers, 
with smoking babbits are not yet known. 
2.5 Other problems associated with asbestos exfwsure 
Apart from mesothelioma, several other conditions may affect the pleu-
ral lining of the lung as a result of all type of asbestos exposure. These are 
benign collagenous thicknings of the parietal pleura which may calcify and be 
visible radiologically. Pleural plaques are one of these conditions (Meurman, 
1966). These harmless scars in the pleura that can be found in almost anyone 
who has been exposed to asbestos (Zolov et al., 1967; Boutin et al., 1986). More 
rarely, the pleura scars more extensively (socalled pleural fibrosis) and this 
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may cause some difficulty with breathing (Kiviluoto, 1960). If as is only rarely 
the case, it needs t rea tment . Very occasionally asbestos workers develop pleu-
ral effusions, where fluid accumulate around the lung (Hillerdal, 1981; Solomon 
and Webster, 1976). This may cause a diffuse tibrosis of the visceral pleura 
(Martensson et al., 1987; Hillerdal and Ozesmi, 1987). This is usually also a 
harmless condition (though it always causes anxiety lest it may be mesothelioma), 
but it does occasionally cause some restriction of lung func: m. There is report 
that some inhaled asbestos fibres can be transformed to asbestos bodies within 
alveolar macrophages after the phagocytized fibres are incorporated into the 
phagosomes along with endogenous iron (ferritin) (Davis, 1965; Suzuki and 
Churg, 1969) and acid mucopolysaccharides (Governa and Rosanda, 1972). 
Some other parts of the body are occasionally affected by asbestos. There 
is some evidence that gastrointestinal cancer may occur more frequently in people 
exposed to asbestos (Churg and Warnock, 1979; Selikoff et al., 1979; Elmes and 
Simpson, 1980; Hart , 1987; Kogan et al., 1987). 
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3 . CONCLUniNG REMARKS 
The review of literature on asbestos, a ubiquitously distributed particu-
late air pollutant, would show that their chemical, biochemical, biomedical, 
clinical, pathophysiological, pathoimmunological, etc. aspects vis-a-vis, their 
chemistry, minerology, physical chemistry, physics have been extensively stu-
died by investigators. Inspite of considerable amount of literature on the patho-
genicity, caused by asbestos exposure, the precise biochemical mechanism is 
not fully known. In the field of study of the interaction of particulate air 
pollutants with biological macromolecules, several lines of lacunae are there. 
A few attempts have been made towards this direction. Similarly, generaliza-
tion regarding in vitro and in vivo toxic effects have been speculated upon, 
but the precise mechanisms were not yet verified by in vivo experimental fin-
dings. A close examination of the literatures, however, suggest many gaps in 
our knowledge in this area which has motivated the present investigator to 
take up a study on the "interaction of asbestos with biological macromolecules" 
with special reference to their carcinogenic and co-carcinogenic potential. 
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CHAPTER I 
INTERACTION OF SILICIC ACID WITH DNA 
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INTRODUCTION 
It is evident from the epidemiological surveys and experimental studies 
that exposure to asbestos has been found to be intimately associated with wide 
variety of adverse health effects, including lung cancer, pleural mesothelioma 
and cancer of other organs (Wagner et al., 1960; Peto et al., 1977; Selikoff and 
Hammond, 1979; Berry et al., 1985; Archer, 1986; Huncharck, 1987; Blank et al., 
1988). The molecular mechanisms of asbestos carcinogenicity is not yet clear. 
The chemical composition, fibre length and surface charge, however, play an 
important role in determining its biological activity (Frank et al., 1979; 
Palekar et al., 1979; Light and Wei, 1977; Chamberlain and Brown, 1979; Kaw 
et al., 1982; Mossman et al., 1983). Asbestos has been reported to induce 
chromosomal aberration, gene mutation, increase rate of sister chromatid 
exchanges and cell transformation (Price-Jones et al., 1980; Babu et al., 1981; 
Bryks and Bertlanaffy, 1971; Aage et al., 1982; Hestelberg and Barkett, 198^ +; 
Wang et al., 1987), but very little information is available with respect to its 
chemical interaction with DNA. A higher turnover of DNA has been observed 
in mesothelium and gastrointestinal tract of asbestos exposed animals (Bryks 
and Bertlanaffy, 1971; Amacher et al., 1974; Aage et al., 1982). Silicic acid 
leached out from asbestos in physiological fluids is considered to be responsible 
for some of the pathological alterations associated with asbestos toxicity 
(Rahman et al., 1973, 197^ )^. Recently, distribution of silicon-31-labelled silicic 
acid in the different organs and tissues of rat is reported (Berlyne et al., 
1986). Silicic acid exhibit a great propensity and chemical interactibility with 
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the various types of biomolecules such as protein, polysaccharides, lipids, nucleic 
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acids and many more (Stephan,/I968; Singh et al., 198^ *; Morgolis, 1961; Schwarz, 
1973; Holzapfel, 19^2, 19'f9; Singh and Rahman, 1987; Kikuth andSchlipkoter, 
1956; Schwarz and Baronessky, 1956; Rahman et al., 1975; Her, 
1979). Singh et al. (198^^ ) have reported the binding of silicic acid with erythro-
cytes ghost proteins having molecular weight around 90000 daltons and also with 
human plasma proteins and purified bovine serum albumin (Singh et al., 1983). 
They have also reported that silicic acid can induce hemolysis and lipid peroxi-
dation in human RBCs (Singh and Rahman, 1987). Nakai et al. (1987) reported 
the interaction of silicic acid with drugs. Singh and Viswanathan (1973) have 
shown a significant alterations in RNA and DNA content in silicosis and asbes-
tosis. A possibility of exchange between silicic acid and phosphoric acid in DNA 
and RNA has been suggested (Her, 1979). Adsorption of DNA and RNA on 
asbestos fibres and liberation of orthophosphate has also been reported (Misra 
et al., 1983). 
However, a closer scrutiny of the literature revealed certain lacunae in 
our information, especially in regard to the interactibility of silicic acid with the 
DNA. It was, therefore, considered both appropriate and logical to bridge the 
gap in our information in this area and to undertake in vitro studies to investi-
gate as to how silicic acid affect the integrity of the DNA molecule, with the 
view that disturbances in DNA have been linked to the development of several 
well defined pathological conditions. 
In this regard a systematic study has been undertaken with the aim of 
understanding the possible interaction of silicic acid with DNA in vitro. This 
could help in understanding the probable nature of effects on the living systems 
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so as to be able to explain the toxicity of asbestos and/or silicic acid at molecu-
lar level. 
MATERIALS AND METHODS 
Materials 
Calf thymus deoxyribonucleic acid (DNA), sodium salt, average molecular 
weight one million, Benzoylated naphthoylated DEAE-cellulose (BND-cellulose) 
and bovine serum albumin, type _v were obtained from Sigma chemical company, 
St. Louis, U.S.A. and were used without further purification. Hydroxyapatite 
(HTP-DNA grade) and chellex resin were procured from biorad Laboratories, 
U.S.A. S, nuclease was purchased from Bethesda Laboratories. Sodium silico-
fluoride was a product of BDH, U.K. and diphenylamine (crystallized) from E. 
Merck. All other reagents and chemicals used were of analytical grade. 
Methods 
Preparation of native DNA 
A stock solution of DNA (2 mg/ml) was prepared by dissolving known 
weight of highly polymerized sodium salt of calf thymus DNA in appropriate 
volume of TNE (0.01 M Tris-HCl buffer, pH 7.3,0.01 M NaCl and 2 x lO"'^  EDTA), 
in salt free condition. The solution was stored below 4°C for 48 hours before 
use. 
Preparation of denatured DNA 
Denatured DNA was prepared by heating highly polymerized calf thymus 
DNA solution (2 mg/ml) in TNE at 100°C for 7 minutes and cooling the solution 
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rapidly in ice-bath as described by the method of Verly and Lacroix (1975). 
Benzoylated Naphthoylated DEAE-cellulose Chromatography for the preparation 
of completely native double stranded DNA molecules 
Double-stranded DNA without single strand breaks was purified by BND-cellu-
lose chromatography as described earlier (Peter et al., 1977). A slurry of BND-
cellulose was made in 0.3 M NET (0.3 M NaCl, iC'^M EDTA, 0.01 M Tris-HCl, 
pH 7.5) and the fines were removed by decantation. The resin was washed on a 
Buchner funnel with double distilled water (50 ml per 6 gm of resin),'0.3 M 
NET buffer, 50% formamide in IM NET buffer (IM NaCl, lO'^ ^M EDTA, 0.01 M 
Tris-HCl buffer, pH 7.5, i^O ml) and finally 50 ml of 0.3 M NET. 
The formamide wash is necessary to reduce the UV absorbancy of the 
column effluent and may have to be repeated to bring the absorbancy to an 
acceptable level (Scudiero et al., 1975). The washed resin was suspended in 0.3 M 
NET and was poured in a column of 1.1 cm diameter containing a glass fibre 
filter at the bottom so as to achieve a column length of 8.5 cm. 
The column was equilibrated overnight with approximately 150 ml of 
0.3 M NET. The column was run in the cold room, maintained temperature at 
10°C. 8 ml of native calf thymus DNA (16 mg in TNE) was loaded on the 
column. DNA was step eluted with 72 ml of 0.3 M NET, 36 ml of IM NET + 50% 
formamide or 2% caffeine. 2^ fractions of 3 ml each of 0.3 M NET and 18 
fractions of 2 ml each of IM NET and IM NET + 50% formamide(or IM NET + 
2% caffeine) were collected at the rate of 10-12 ml/hour. DNA in 0.2 ml of 
each fraction was estimated by the diphenylamine reaction. Peak fractions of 
IM NET were pooled and dialyzed overnight against TNE (0.01 M NaCl or O.I M 
NaCl). The completely double stranded DNA so obtained was stored frozen 
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in batches and used for incubations with silicic acid. 
Prep>aration of silicic acid 
Silicic acid solution was prepared as described byRahnnan et al. (1976), 
by dissolving 2 gm sodium silicofluoride in 500 ml double distilled water contai-
ning 5 ml 10_N^H-jSO.. The requisite amount of solid CaCO^ was added to 
remove fluoride and the liquid filtered. The pH was adjusted to 7.Q with 0.1 N 
NaOH and the solution passed through a 2 cm x 50 cm column of chellex resin 
(flow rate, 10 ml/hr). The Si content of the silicic acid solution was estimated 
by the method of King et al. (1955). The solution was also analyzed for calcium 
by the EDTA titration procedure using the dye, erichrome black T (Reilley et 
al., 1959), and atomic absorption (Perkin-Elmer, 5000, Atomic Absorption Spectro-
photometer). No calcium could be detected by the ti tration procedure and 
atomic absorption gave a value of less than 0.1 ppm. Before use, the silicic acid 
solution was kept in boiling water bath for 10 minutes to depolymerize any poly-
silicic acid, then cooled and diluted to the desired concentration. The silicic 
acid stock solution was stored in plastic bottles at 'f°C. 
Treatment of native DNA with silicic acid 
Incubations of DNA with silicic acid were carried out in volumes of 10 ml 
in sterile tubes. Each miUilitre contained 1 mg DNA in TNE (0.01 M Tris-HCl, 
pH 7.5, 0.01 M NaCl and 2 x 10 M EDTA) and increasing concentrations of 
silicic acid (DNA nucleotide/silicic acid molar ratios of 1:0.25, 1:0.5 and 1:1). 
Stoppered tubes were incubated at 37°C for the desired period of t ime. A para-
llel control, which did not contain silicic acid, was also incubated. The pH of the 
incubation mixtures was noted at the end of the incubation pcuod and was found 
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to be unchanged. Each sample was dialysed against two changes of 250 ml TNE 
for 24 hr at k°C. The silicic acid t reated and control DNA samples were kept 
at ^°C and were used for S. nuclease hydrolysis, determination of melting pro-
file of DNA e tc . 
Assay of S, nuclease activity 
S. nuclease activity was assayed by estimating the acid soluble nucleoti-
des released from DNA as a result of enzymatic digestion. The reaction mixture 
in a final volume of 1 ml contained 600 ^ g of substrate (native, denatured or 
silicic acid treated DNAs), 0.1 M aceta te buffer pH ^+.5, 1 mM ZnSO. , water and 
enzyme, S. nuclease. The reaction mixture was incubated at 40°C (unless other-
wise specified) for the desired period of t ime. At the end of the incubation 
period the reaction was terminated by the addition of 0.2 ml of 10 mg/ml bovine 
serum albumin, mixed thoroughly by shaking and 1 ml of ice-cold 14% perchloric 
acid. The tubes were immediately transferred to an ice bath and kept at 4°C 
for at least one hour before centrifugation to remove precipitated protein and 
undigested DNA. The acid soluble DNA nucleotides were determined either by 
the diphenylamine method of Schneider (1957) or by reading the absorbance of 
an adequately diluted sample at 260 nm, against a suitable reagent blank. 
Estimation of DNA and acid soluble nucleotides 
Acid soluble DNA nucleotides were determined by the diphenylamine method 
of Schneider (1957) or spectrophotometrically by reading the absorbance at 260 
nm. To a 1 ml aliquot, 2 ml of diphenylamine reagent (freshly prepared by 
dissolving 1 gm of recrystallized diphenylamine in 100 ml of glacial acet ic acid 
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(AR grade) and 2.75 ml of cone. H2SO^ {^R grade) was added. The tubes were 
heated in a boiling water bath for 20 minutes. The intensity of blue colour 
was read at 600 nm in spectronic 20 Bausch and Lomb Spectrophotometer. In 
some experiments, DNA was also determined by the diphenylamine modified 
procedure of Burton (1956). The procedure considerably increases the sensitivity 
of the reaction. To 1 ml aliquot was added 1 ml o f l ^ perchloric acid (HCIO.) 
and the mixture heated at 70°C for 15 minutes. To this were added 0.1 ml of 
5A3 mM acetaldehyde and 2 ml of Burton's diphenylamine reagent (freshly 
prepared by dissolving 1.5 gm of recrystallized diphenylamine in 100 ml gla-
cial acetic acid (AR grade) and 1.5 ml of cone. H^SO. (AR grade). The deve-
loped blue colour was read at 600 nm. To determine the acid-soluble DNA 
material spectrophotometrically, an aliquot of the supernatant was suitably 
diluted and read at 260 nm in spectronic 21 UVD Bausch and Lomb spectropho-
tometer against a suitable blank. 
Thermal denaturation of DNA as mccisured by the degree of S, nuclease 
digestion 
The melting profile of DNA, using S. nuclease was determined essen-
tially as described by Case and Baker (1975). Samples containing 250 jug of 
native and silicic acid treated DNA were heated to the desired temperatures 
for 8 minutes and quickly quenched by the addition of 2 volumes of ice cold 
S. nuclease standard reaction buffer (0.1 M acetate buffer pH 4.5, containing 1 
mM ZnSO^). 
The mixture was incubated with 100 units of S, nuclease at i^O°C for 2 
I 1 
hrs. The reaction was stopped by the addition of 0.2 ml of 10 mg/ml bovine 
serum albumin and 1 ml of ice cold 14% perchloric acid. The tubes were 
7 0 
immediately transferred into an ice bath and kept at U°C for at least 1 hr 
before centr i fugat ion to remove precipi tated protein and undigested DNA. 
The samples were then processed as described above for the determinat ion of 
acid soluble DNA nucleotides. 
Alkaline hydrolysis of silicic acid treated-DNA after reduction with NaBH^^ 
The DNA samples were subjected to alkaline hydrolysis as described by 
Wani et a l . (1978) in order to test whether apurinic or apyrimidinic sites were 
created in the DNA molecules, t reated wi th silicic acid. 500 u^g of calf thymus 
DNA was treated wi th increasing molar rat io of si l icic acid in 1.5 ml volume in 
steri le tubes. The incubation t ime was I't hr at 37°C after which NaOH was 
added to a f inal molar i ty of 0.12 M. The reduction of si l ic ic acid treated DNA 
was done by adding 0.1 ml of 2 M potassium phosphate buffer pH 6.5, fol lowed 
by ^ M NaBH. to a f inal concentration of 0.08 M. The mixture was le f t at room 
temperature for 30 minutes before the addition of NaOH to a f inal molar i ty of 
0.12 M for alkaline hydrolysis. Acid precipi tat ion and determination of acid 
soluble nucleotides were done as given in earlier method. 
Alkaline unwinding assay of silicic acid treated DNA 
The alkaline unwinding assay is considered to be a sensitive technique 
for the quant i tat ion of strand breaks in cellular DNA incubated by various 
chemical and physical agents (Kanter andSchwartz, 1979; Daniel et a l . , 1985 ; 
Morris and Shertzer, 1983). The assay is based on the observation that the DNA 
molecules, when exposed to alkaline conditions beyond the helix coil t ransit ion 
range ( p H ^ l l . 5 ) w i l l begin to undergo strand separation (unwinding) at each formal 
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strand breaks (Daniel et al., 1985). Under the c ontrolied experimental conditions, 
the annount of duplex DNA remaining after a given period of alkaline unwinding 
will be inversely proportional to the number of strand breaks at the initiation of 
the alkaline exposure. 
The t reatment of duplex DNA with silicic acid and their alkaline unwin-
ding has been carried out by adopting the following procedures: 
Incubations with silicic acid were carried out in volumes of 0.5 ml in 
sterile tubes. Each reaction mixture contained 75 yjg of BND-cellulose purified 
DNA and silicic acid in the desired DNA nucleotide/silicic acid molar ratio. 
Stoppered tubes were incubated at 37°C for various time periods. Parallel con-
trols, which did not contain silicic acid were also incubated. The pH of incuba-
tion mixtures was noted at the end of incubation and was found unchanged. After 
incubation, the reaction mixtures were placed on ice and immediately subjected 
to alkaline unwinding by rapid addition of an equal volume of 0.06 jN^  NaOH in 
0.01 M Na^HPO. (pH 12.5), followed by a brief vortexing. The tubes were 
immediately placed in a dark chamber at room temperature for the duration of 
the alkaline unwinding period (15-30 minutes). The tubes were then gently 
removed and sufficient amount of 0»068 N HCl was quickly added to bring the 
pH to neutrality followed by gentle vortexing. 0.15 ml of a 2% solution of SDS 
containing 0.02 M EDTA was also added to disperse the any DNA aggregates 
which are formed upon the neutralization by HCl and the mixture vortexed 
thoroughly. The final volume at the end of the alkaline unwinding operation ranged 
between 2.0-2.2 ml. The "yjnwound-neutralized reaction mixtures were usually 
stored at ^°C until they were analysed by hydroxyapatite chromatography. 
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Hydroxyapatite batch assay for quantitation of double and single stranded 
DNA 
The quantitation of the relative amouit of duplex DNA and single stranded 
DNA present at the end of the alkaline unwinding was done b\ using hydroxy-
apati te in a batch procedure as described by Kanter and Schwartz (1979). 
0.5 gni hydroxyapatite (HTP-DNA grade) was brought at boiling point 
in 5 ml of 0.01 M potassium phosphate buffer, pH 7.0, centrifuged .ind the 
supernatant discarded. The boiled hyd'oxyapatite was now suspended in 2.5 ml 
of 0.01 M phosphate buffer containing 10% formamide and the tubes incubated 
at 60°C. Formamide to a final concentration of lOV-b was also added to the 
"unwound neutralized" reaction mixtures and the content was transferred to the 
tubes containing boiled hydroxyapatite. The sample were incubated at 60°C for 
2 hrs with intermittent vortexing, followed by centrifugation. The supernatants 
were discarded and 3 ml of 0.01 M potassium phosphate buffer (pH 7.0) containing 
20% formamide was added- After thorough mixing the tubes were again centri-
fuged and the supernatants discarded. The DNA was quantitatively adsorbed by 
hydroxyapatite as determined by the absence of any UV absorbing material in 
the discarded supernatant. Single stranded DNA was then selectively eluted from 
the gel by two successive 20 minutes incubations at 60° with 3 ml each of 0.125 
M potassium phosphate buffer (pH 7.0) containing 20% formamide. Tubes were 
centrifuged as before and supernatant collected. Duplex DNA was removed by 
two successive 20 minutes incubation with 3 ml each of 0.5 M potassium phos-
phate buffer, (pH 7.0) containing 20% formamide. The supernatants were again 
collected after centrifugation. DNA in eluates was measured by absorption at 
260 nm or by diphenylamine method of Burton (1956). 
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Calculations of number of single strand breaks in DNA molecule 
According to Rydberg (1975) the relationship between strand separation 
of duplex DNA in a lka l i , where randomly distr ibuted breaks are introduced is: 
In F = . t ^ 
Mn 
Where F is the f ract ion of double stranded DNA remaining af ter alkaline dena-
turat ion for t ime t . K is an assumed constant for rotat ional and f r ic t iona l for-
ces. Mn is the nuinber average molecular weight between unwinding points and 
^ is a constant less than 1. 
From the above expression Kanter and Schwartz (1979) have derived 
the fol lowing expression for calculat ing the number of unwinding points (P) per 
alkaline unwinding unit of DNA. 
p _ iji Fx 
In Fo 
Where Fx and Fo is the fractions of double stranded DNA remaining after alka-
line denaturation of treated and untreated samples respectively. The number 
of breaks (n) per unit DNA is therefore -
n = P - 1 
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RESULTS 
S, nuclease hydrolysis of silicic acid treated DNA 
The data on S, nuclease hydrolysis of DNA treated with "increasing molar 
ratios of silicic acid is shown in Table 2. The results show that the production 
of acid-soluble DNA nucleotide increased with increasing silicic acid concentra-
tion. Under the same experimental conditions, control native and heat denatu-
red DNA showed 18-, and 100% hydrolysis respectively. The native DNA control 
which was not incubated but was only dialysed showed 16% hydrolysis. The 
extent of hydrolysis of native DNA by S, nuclease increased as a function of 
the silicic acid proportion, such that at 1:1 molar proportion between the two, 
there was a 34% increase in the hydrolysibility of native DNA to the action of 
the enzyme, 5, nuclease. 
Effect of silicic acid treatment on the mid-range melting temperature (Tm) of 
DNA 
The Tm of control native DNA and the silicic acid treated DNA (DNA 
nucleotide/silicic acid molar ratios of 1:0.25, 1:0.5 and 1:1) are depicted in 
Fig. 8. 
5, nuclease has been utilized in determining the thermal melting profile 
through ingestion of the denatured DNA strands. The Tm of control native and 
the silicic acid t reated DNA at DNA nucleotide/silicic acid molar ratio of 
1:0.25 was found to be 83°C. However, the sample treated at the molar ratio 
of 1:0.5 showed a reduced Tm of 77°C. The melting profile at the highest molar 
ratio of 1:1 was somewhat unusual since even at temperatures below 60°C 
considerable hydrolysis of DNA was observed. 
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Fig:8. Thermal denaiuration of silicic acid 
treated DNA as measured by the 
degree of Si nuclease digestion. 
60 70 80 90 
Temperature **C 
Samples containing 250 /jg DNA were heated to the desired temperature 
for 8 min and then djuickly quenched by the addition of 2 vol. of ice-
cold S^ nuclease standard reaction buffer. The mixture was then incu-
bated with 100 units of S^ nuclease at 40° for 2 hr. The reaction was 
terminated and processed as described in the text. Control native DNA 
(•); DNA nucleotide silicic acid molar ratio 1:0.25 (0); 1:0.5 ( A ) and 
1:1 (»> 
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Fraction of DNA recovered in duplex form a f ter reaction with increasing 
concentrations of silicic acid 
Effect of si l icic acid on the secondary structure of DNA are depicted 
in Fig. 9. 
I t is clear f rom the data that the f ract ion of duplex DNA rennained after 
unwinding and f ract ionat ion, decreases in a non-linear fashion wi th increasing 
si l icic acid concentrat ion. A slight decrease in the f ract ion of duplex DNA wi th 
increasing si l icic acid concentration was observed af ter 30 minutes of alkaline 
unwinding period. 
Strand breaks in DNA reacted with increasing concentrations of silicic acid 
The e f fec t of s i l ic ic on the format ion of strand breaks in DNA are 
recorded in Table 3. The data shows that the number of strand breaks formed 
per unit DNA increases wi th the increase of the si l icic acid proport ion. It is 
observed that si l ic ic acid at concentration higher than DNA nucleot ide/si l ic ic 
acid molar rat io of 1:0.5 does not lead to any signif icant increase in the number 
of strand breaks in DNA. A sl ightly larger number of strand breaks were obta i -
ned af ter 30 minutes alkaline unwinding period as compared to the 15 minutes. 
No signif icant change in the duplex DNA remaining in control samples (without 
si l icic acid t reatment) af ter 15 and 30 minutes of alkaline unwinding was found. 
Fraction of DNA recovered in the duplex form after various periods of 
reaction with silicic acid 
The ef fec t of t ime on the reaction of si l icic acid wi th DNA is shown in 
Fig. 10. The data shows that when the t reatment of DNA wi th si l ic ic acid at 
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Fig:9. Fraction of DNA remaining as duplex 
after reaction with increasing conc-
entrations of silicic acid. 
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1.0H 
DNA nucleotide/silicic acid nnolar ratio 
Silicic acid treatment of BND-cellulose-purified DNA was done for 14 hr 
at 37°C and the alkaline unwinding carried out as described in the text. 
Unwinding time 15 min (•); and 30 min (o). 
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Table 3 
Strand breaks in DNA reacted wi th increasing concentrations of si l ic ic acid 
DNA nucleotide/ 
silicic acid 
molar ratio 
No silicic acid 
1:0.125 
1:0.25 
1:0.5 
1:1.0 
No silicic acid 
1:0.125 
1:0.25 
1:0.5 
1:1.0 
Alkaline 
unwinding 
time (min) 
15 
15 
15 
15 
15 
30 
30 
30 
30 
30 
Fraction of 
DNA (F) 
0.83 
0.^8 
0.314 
0.2k 
0.22 
0.85 
0.32 
0.2^^ 
0.19 
0.18 
duplex Number of breaks 
per unit DNA 
(n) 
-
2 .% 
tt.79 
6.66 
7.13 
-
5.12 
6.66 
7.92 
8.30 
Silicic acid t reatment of BND-cel lulose-puri f ied DNA was done for \k hr at 
37°C and the alkaline unwinding carried out as described in the tex t . 
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Fig:10. Fraction of DNA recovered in the duplex 
form after various periods of reaction 
with silicic acid. 
Timc(hn) 
DNA incubated without silicic acid (•), and with silicic acid at 
a DNA nucleotide/silicic acid molar ratio of 1:0.5 (o). Other 
details are as given in the text. 
8 1 
DNA nucleotide/silicic acid molar ratio 1:0.5, was carried out for various times, 
a decrease in the fraction of duplex DNA was recovered with the increase of 
the time of reaction of silicic acid with DNA. The results show that about 20% 
duplex DNA remained at the end of 16 hour t reatment . However, the control 
native DNA (without silicic acid) did not show any change in the amount of dup-
lex DNA. 
Alkaline hydrolysis of silicic acid treated DNA after reduction with NaBH. 
The data on the alkaline hydrolysis of silicic acid t reated, NaBH^ reduced 
and unreduced DNA is recorded in Table f^. The data clearly indicate that 
unreduced silicic acid treated DNA shows increasing degree of alkaline hydroly-
sis with increasing concentration of silicic acid. On the other hand, li t t le hydro-
lysis was observed after reduction with NaBH. . 
Effect of sodium borohydride on alkaline unwinding of silicic acid-treated DNA 
Fraction of DNA recovered in duplex form after reduction of silicic 
acid-treated with NaBH. is depicted in Fig. 11. The results showed that with 
increasing silicic acid concentration, no decrease in the amounts of DNA remai-
ning as duplex after reduction of silicic acid treated DNA with NaBH. was 
observed. However, a constant decrease in the amount of duplex DNA was obser-
ved with the increase of the silicic acid concentration. 
Effect of increasing temperature on the formation of strand breaks in DNA by 
silicic acid 
The data on the effect of temperature on the reaction of silicic acid 
with DNA (DNA nucleotide/silicic acid molar ratio 1:0.5) in the formation of 
8? 
Table if 
Alkaline hydrolysis of silicic acid-treated DNA after reduction with NaBH. 
DNA nucleotide/sil 
molar ratio 
1:0.5 
1:1.0 
1:1.5 
1:2.0 
licic acid 
-Na 
2.0 
4.0 
7.0 
17.0 
% 
.BH^ 
DNA hydrolysed 
+NaBH^ 
0.5 
0.5 
1.5 
1.5 
500 yug of calf thymus DNA was treated with increasing molar ratio of 
silicic acid in 1.5 ml volumes in sterile tubes. The incubation time was 
l^ hr at 37°C after which 0.1 ml of 2 M potassium phosphate buffer (pH 6.5) 
was added followed by f^ M NaBH. to a final concentration of 0.08 M. 
The mixture was left at room temperature for 30 min before the addition 
of NaOH to a final molarity of 0.12 M. Alkali-labile acid-soluble nucleotides 
were determined by the diphenylamine reaction after precipitating unhydro-
lysed DNA with ice-cold perchloric acid in the presence of Z mg bovine serum 
albumin. 
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Fig:11. Effect of sodium borohydridc on alkaline 
unwinding of silicic acid treated DNA. 
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o 
DNA nucleotide/silicic acid molar ratio 
Silicic acid treatment of BND-cellulose-purified DNA was done for 
14 hr at 37°C. NaBH, reduqtion of treated DNA was carried out as 
described in the text; this was followed by alkaline unwinding. 
Alkaline unwinding after reduction (•), and before reduction (o). 
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Table 5 
Ef fect of increasing temperature on the format ion of strand breaks in 
DNA by si l ic ic acid 
Temperature Fract ion of duplex DNA Number of breaks per unit 
(°C) (F) DNA (n) 
25 0.25 5.2 
37 0.2^ + 5.1 
1^3 0.21 6.0 
52 OA^ 7.8 
Silicic acid t reatment of BND-cellulose-purif ied DNA was carr ied out 
for [k h at the indicated temperatures and at a DNA nucleot ide/si l ic ic 
acid molar rat io of 1:0.5. 
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Table 6 
Effect of increasing sodium chloride concentrations on the DNA strand 
breaks during silicic acid t reatment 
Concentration of Fraction of duplex Number of breaks per 
sodium chloride in DNA (F) unit DNA (n) 
the reaction mix-
ture (M) 
0.220 6.55 
0.10 0.230 6.^1 
0.20 0.231 6.39 
0.30 0.21^0 6.19 
0.40 0.2^+2 6.16 
0.50 0.252 5.95 
Silicic acid t reatment of BND-celkilosc purified DNA was carried 
out for l^ f hrs at 37°C with increasing sodium chloride concentra-
tions as specified in the table at a DN \ nucleotide/silicic acid molar 
ratio of 1*0.5. 
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strand breaks is given inTable 5. 
The results shows that relative to room temperature higher temperature 
caused the formation of a large number of strand breaks in silicic acid treated 
DNA. No significant difference in the formation of strand breaks were observed 
at 25''C and 37°C. 
Effect of different concentrations of sodium chloride on the strand breaks forma-
tion in silicic acid treated DNA 
The effect of increasing NaCl concentration on the strand breaks forma-
tion in silicic acid t reated DNA at DNA nucleotide/silicic acid molar ratio of 
1:0.5 is recorded in Table 6. 
The results shows that the presence of salts in increasing order has no 
significant effects on the strand breaks formation in the silicic acid t reated DNA, 
when the t reatment of DNA with silicic acid was done in the presence of diffe-
rent concentrations of sodium chloride. However, slight decrease in the strand 
breaks formation was obtained at 0.3 M final concentration of sodium chloride 
in silicic acid t reated DNA at DNA nucleotide/silicic acid molar ratio of 1:0.5. 
DISCUSSION 
The present study shows that the native calf thymus DNA which is 
resistant to 5, nuclease action becomes increasingly susceptible to this enzyme 
when treated with different concentrations of silicic acid. This shows that 
silicic acid t reatment transforms DNA into an effective substrate for 5, nuclease 
action, suggest destabilization of the secondary structure of DNA. The enzyme, 
S. nuclease from Aspergillus oryzae is the most extensively characterized and 
87 
has been proved an invaluable tool to detect the damage in the duplex DNA by 
those toxicants which destabil ize the double stranded DNA and cause disruption 
in the hydrogen bonding (Warn and Ha r t , 1981). Further, the decrease in the 
me l t ing , temperature of s i l ic ic acid-treated DNA as compared to control native 
one, suggest the destabil ization of secondary structure of DNA. 
The unusual decrease in the mel t ing temperature of s i l ic ic acid-treated 
DNA at the highest DNA nucleot ide/si l ic ic acid molar rat io of 1:1 as evident 
from the considerable increase of S, nuclease hydrolysis below 60°C suggest the 
presence of denatured molecules in the samples which would render i t susceptible 
to digestion by S. nuclease. These observations suggested a destabil ization of the 
secondary structure of s i l ic ic ac id- t reated DNA either through the creation of 
par t ia l single-stranded regions or single-stranded breaks in the DNA molecules. 
In addition to th is, the alkaline unwinding and hydroxyapatite batch assays 
of the BND-cellulose-purif ied DNA treated wi th increasing concentrations of 
s i l ic ic acid showed a non-linear decrease in the f ract ion of duplex DNA, suggest 
the format ion of single-stranded DNA on t reatment wi th s i l ic ic acid. The 
alkaline unwinding assay together wi th hydroxyapatite batch assay procedure, 
IS a sensitive technique for the quanti tat ion of strand breaks in cellular DNA 
induced by various chemical and physical agents (Kanter and Schwartz, 1979; 
Daniel et a l . , 1985; Morris and Shertzer, 1985). Therefore, determinat ion of the 
number of single-strand breaks formed per unit DNA on t reatment wi th si l ic ic 
acid has been made by employing these two techniques. 
A consistent increase of single-strand breakage in the DNA molecules 
after t reatment wi th various concentrations of s i l ic ic acid has been observed, 
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suggest the destabilization of the secondary structure of DNA through the strand 
breaks formation. However, control native DNA (without silicic acid treatment) 
did not show any change in the amount of duplex DNA and thereby no strand 
breaks formation. 
In all the subsequent experiments alkaline unwinding was done for 30 
minutes because it allowed detection of a slightly larger number of strand breaks. 
It was noticed that silicic acid at concentrations higher than DNA nucleotide/ 
silicic acid molar ratio of 1:0.5 does not lead to any further significant increase 
in the number of strand breaks in the DNA molecule, therefore, the experiments 
on the influence of time, temperature and ionic strength on the reaction of sili-
cic acid with DNA at the fixed DNA nucleotide/silicic acid molar ratio of 1:0.5 
were carried out. 
The decrease in the amount of duplex DNA at the end of 16 hrs 
treatment further confirmed the single-strand breaks in double-stranded DNA, 
which is time dependent. 
Moreover, the experiments on the base catalyzed hydrolysis of silicic 
acid-treated DNA at different DNA nucleotide/silicic acid molar ratios, 
showing increasing degree of alkaline hydrolysis, suggest the creaction of 
apurinic and apyrimidinic sites in the DNA (Wani et al., 1978). Further, the 
creation of apurinic sites in DNA on treatment with silicic acid was confirmed 
by the alkali catalyzed hydrolysis. The protection of silicic acid treated DNA 
after reduction with NaBH^ from the base catalyzed hydrolysis, suggest the sta-
bilization of apurinic DNA created on the action of silicic acid, presumably due 
to the reduction of the aldehyde gtjoups of the deoxyribose to the alcohol (Hadi 
and Goldthwait, 1971). No decrease in the amount of DNA as duplex with the 
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increasing silicic acid concentrations as determined by alkaline unwinding assay 
after reduction with NaBH. further indicate that any potential single strand 
breaks induced by silicic acid are stabilized by reduction with NaBH^. 
These studies suggest that one possible mechanism could be that apuri-
nic and apyrimidinic sites are created in DNA on silicic acid action which 
on B> -elimination in the presence of alkali lead to the hydrolysis of the phos-
phodiester linkage (Tamm et al., 1953). 
The studies on the effect of increasing temperature on the formation 
of strand breaks in the DNA by silicic acid indicate that relative to room tem-
perature, higher temperature caused the formation of a large number of strand 
breaks, indicating an increased rate of reaction of silicic acid with DNA. How-
ever, increased ionic strength did not appear to have any significant effect on 
the single-strand breakage formation in silicic acid-treated DNA, by using 
different concentrations of sodium chloride. 
The findings described above suggest that the degradation of DNA is 
caused by the formation of single-strand breaks. The precise mechanism of 
strand cleavage by silicic acid remains unknown. However, the possibility of 
the creation of apurinic and apyrimidinic sites is suggested. This would involve 
the reaction of silicic acid with DNA bases. However, NaBH. being a strong 
reducing agent, alternative explanations are also possible. Further, it can be 
ascertained by these studies that lowering of melting temperature of silicic 
acid treated DNA at the highest molar ratio of 1:1 was due to the formation 
of single strand breaks in DNA on the action of silicic acid. 
Recently, hypertrophy and hyperplasia during silica-induced pulmonary 
inflammation of type II cells are reported (Miller et al., 1986, 1987). Various 
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authors have reported an increased rate of sister chromatid exchange and chro-
mosomal aberrations, increased turn over of DNA synthesis and strand breakage 
in animals exposed to asbestos (Price-3ones et al., 1980; Babu, 1981; Lavapa et 
al., 1975; Bryks and Bertlanaffy, 1979; Amacher et al., 197'f, 1975). Kelsey et 
al. (1986) reported the genetic effects of asbestos, in vitro studies. Further, 
effect of chrysotile on DNA synthesis and growth of human embryonic lung 
fibroblasts have been reported (Lemaire et al., 1986). Possibly, the reaction of 
silicic acid, released from asbestos with cellular DNA and the consequent for-
mation of strand breaks accounts for these observations. 
As suggested earlier, since asbestos fibres can enter in various cell 
types and other sub-cellular organelles such as nucleus and phagosomes (Aage 
et al., 1982, Johnson and Davies, 1983; Macdonaid and Kane, 1986), there is a 
possibility of high silicic acid leached out from the dust inside the nucleus, 
affecting the DNA molecules. How far direct interaction of silicic acid with 
genetic element is responsible for carcinogenic and mutagenic effects of 
asbestos is uncertain. However, any interaction of silicic acid with DNA under 
in vivo conditions could drastically affect the properties of the DNA molecules. 
It is uncertain at this stage whether it is silicic acid alone or other constituents 
of the fibres are also playing an important role in this interaction under in vivo 
conditions. It is possible that direct interaction of silicic acid with DNA is 
related to cell transformation, but it needs further indepth studies. 
Although the exact mechanism by which chemical carcinogens cause 
cancer is not known but j:hemical carcinogens are known to react with DNA 
and a good correlation between mutagenesis and carcinogenesis has been established 
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It is, therefore, the study reported above provided new informations on this 
aspect of asbestos toxicity which may be responsible for reported carcinogene-
sis, associated with asbestos exposure. 
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CHAPTER II 
INFLUENCE OF ASBESTOS ON PULMONARY XENOBIOTIC METABOLIZING 
ENZYME SYSTEM: IN VITRO STUDIES 
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INTRODUCTION 
Workers occupationally exposed to asbestos have a 3-5 fold higher incidence 
of bronchogenic carcinoma than the general population (Hammond, 1972; Browne, 
1986). Cigarette smokers have an approximately 12-16 fold higher risk of lung 
cancer than non-smokers (Doll and Peto, 1978). However, asbestos workers, who 
smoke, have a 6-9 fold higher incidence of lung carcinoma than non-occupational 
individuals (Selikoff et al., 1968, 1980). Asbestos workers, who smoke, ran 80-92 
fold higher risk of developing lung cancer over the non-exposed and non-smoking 
general population. The potentiating effects of exposure to asbestos and cigarette 
smoking on the development of bronchogenic carcinoma have been documented 
extensively and verified by both epidemiological (Berry et al., 1972; Saracchi, 
1977; Meurman et al., 1979) and experimental studies (Pylev and Shabad, 1973; 
Shabad et al., 197^; Salk and Vosamae, 1975; Topping and Nettesheim, 1980). 
Several explanations may be offered to account for the observed strikingly inten-
sified effect of asbestos and cigarette smoke. It is conceivable that the fibre 
may adsorb the hydrocarbons onto its surface thus facilitating their entry and 
enhancing the tissue retention of the carcinogens (Lakowicz et al., 1978; 
Lakowicz and Bevan, 1979). Experimental studies have indicated that asbestos 
could readily adsorb benzo(a)pyrene in vitro and decreased the excretion of this 
hydrocarbon in experimental animals (Shabad et al., 197^; Pylev et al., 1969). 
Alternatively, asbestos fibre may directly modify carcinogen metabolizing enzyme 
system, viz. activation and conjugation reactions. It has been demonstrated that 
asbestos fibres in vitro and in vivo partially inactivate microsomal mixed function 
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oxidase (MFO) system of the liver (Kandaswami et al., 1982, 1986). This indica-
tes that asbestos fibres act not only as physical agent in decreasing the bio-
availability or release of benzo(a)pyrene, but may also behave as co-carcinogen 
by altering the metabolic pathways. Since lung is the target organ of asbestos 
toxicity, it is desirable to study the effect of asbestos fibres on the lung micro-
somal and cytosolic fractions. Therefore, in the present study, a modified method 
for isolation of microsomal fraction yielding comparatively more stable cyto-
chrome P-^5QI^^Z and high activity of ben2o(a)pyrene hydroxylase has been deve-
loped. Scanning and Transmission electron microscopy of the lung microsomes 
were also carried out to see the purity as well as the interactibility of the 
isolated microsomes with different types of asbestos fibres. The absorption patt-
ern of cytochrome P-'fSO and P-'+^S on the different asbestos fibres and their 
influence on benzo(a)pyrene hydroxylase and epoxidehydratase activities enzy-
matic and non-enzymatic lipid peroxidation in microsomal fraction and gluta-
thione-S-transferase activity in cytosolic fraction were studied in vitro. 
MATERIALS AND METHODS 
Materials 
Dust 
Chrysotile, crocidolite, amosite and anthophyilite, UICC reference 
asbestos samples, particle size <30 /u were obtained as gift from Dr. J.B. 
Leinweber, John Mariville Mills, USA. 
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Chemicals 
Benzo(a)pyrene, 3-hydroxy benzo(a)pyrene, styrene epoxide, 3-methyl 
cholanthrene, Triton XlOO, bovine serum albumin (BSA) cy tochrome^ 2-thio-
barbituric acid, glutaraldeliyde, Osmium tetraoxide {O O^), propylene oxide, 
were procured from Sigma Chemical Company, U.S.A. All the other chemicals 
and reagents were either purchased from V.P. Chest Institute, New Delhi, or 
Sisco Research Laboratories, Bombay, India and were of analytical grade. 
Methods 
Treatment of animals 
Female albino rats from the ITRC colony, weighing 150-180 gm were 
used throughout the study. For induction experiments, the animals were pre-
treated intraperitoneally with 3-methylcholanthrene (3-MC)j dissolved in corn 
oil (20 mg/kg body weight), for four consecutive days. The control animals 
received only vehicle. The animals were maintained on a commercial pellet diet, 
supplied by Hindustan Lever Ltd., Bombay, India, and tap water ad libitum. 
Isolation of lung microsomes 
The rat lung microsomal fraction was isolated by following essentially 
the procedure of Johannesen et al. (1977), with certain minor modifications. A 
stepwise procedure is given below: 
i) The animals were sacrificed by decapitation between 9-10 A.M. to 
eliminate any diurnal variation (Jori et al., 1971) and the lungs were 
removed then placed in a chilled isotonic sucrose (0.25 M). 
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ii) The lungs were dissected free of the trachea, bronchi and connective 
tissues, etc. 
iii) Direct tissues were cut into small pieces and thoroughly rinsed with 
isotonic sucrose. 
v) Small pieces were suspended in Q.kk M sucrose, containing 1% (w/v) bovine 
serum albumin. 
vi) The small pieces suspended in O.'f^  M sucrose, containing 1% (w/v) bovine 
serum albumin was homogenized by using a potter Elvehjem type homoge-
nizer with a motor driven teflon pestle, by four up and down strokes at 
^50 rpm, to get 20% (w/v) homogenate. 
vii) The homogenate was filtered through double layers of muslin (maximum 
mesh size of muslin cloth used was 150 x 100 /u) and centrifuged at 10,000 
X g for 20 minutes in a sorvall EC-5B refrigerated superspeed centrifuge. 
viii) The pellet was gently rehomogenized in the same medium and centrifuged 
at 10,000 X g for 20 minutes. The pellet designated as mitochondrial frac-
tion. 
ix) The supernatant (original and washing) were pooled and freshly prepared 
ascorbic acid solution was added to a final concentration of 0.2 mM and 
mixed thoroughly and centrifuged at 105,000 x g for 90 minutes in MSE 
superspeed 75 Ultracentrifuge. 
x) The final pellet collected was washed once with 0.15 M Tris-HCl buffer, 
pH 8.0 and recentrifuged as above. 
xi) The final pellet (obtained) after washing with buffer was suspended in 
isotonic (0.15 M KCl), 0.05 M tris-HCl buffer, pH 7A, contained 2% gly-
cerol and 0.1 mM EDTA, using a glass homogenizer and marked as 
microsomal fraction. 
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xi i) For l ip id peroxidation studies, the pellet was suspended in 0.1 M phosphate 
buffer, pH 7M, containing 0.1 mM EDTA. 
xi i i ) For a l l experiments the microsomes were suspended in buffer at f inal 
concentrations equivalent to 200 mg t issue/ml . 
Transmission Electron Microscopic studies of rat lung microsomes 
The rat lung microsomes isolated was compared w i th the lung microsomes 
isolated by the method of Johannesen et a l . (1977) and calcium aggregation 
(L i t te rs t et a l . , 1975) for the conf i rmat ion of any contamination by other organe-
lles under the transmission electron microscope. 
A stepwise procedure for f ixat ion and embedding of lung microsomes for 
electron microscopic studies are as fol lows: 
i) Lung microsomes were placed in f ixat ive (2%gtxrir^raldehyde, 2.6% fo rma l -
dehyde in 0.07 M cocodylate buffer, pH 7A and 3% sucrose) for 2 hr in 
a refr igerator , 
i i) The microsomes were centr i fuged and the supernatant was discarded. 
The pellets of microsomes were placed in above cocodylate buffer, over-
night in a refr igerator , 
i i i ) The microsomes were again centr i fuged and the supernatant was discar-
ded. The pellets were again f ixed in 1% Osmium tetraoxide (O O^) in 0.1 
M phosphate buffer, pH 7.^ 1 for 2 hrs and then centr i fuged. The superna-
tant was discarded in a fumehood. 
iv) The microsomes were dehydrated in 70%, 90%, 95% (2 change), and 100% 
absolute* alcohol (ethanol) at room temperature for 15 min at each step, 
v) The microsomes were centr i fuged and the f inal 100% alcohol was discarded. 
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then the pellets were placed in two changes of propylene oxide, 
vi) The pellets of microsomes were placed in 50:50 propylene oxide, plastic 
resin mixture overnight to infiltrate the microsomes, 
vii) Then the microsomes were placed in final plastic resin mixture and 
embedded in teflon capsules, 
viii) The embedded samples were placed in curing oven (60°C) to harden 
plastic before sectioning, 
ix) The sections were examined in a Philips EM-^00, Transmission Electron 
Microscope at magnification 1 ,^000 x. 
Scanning Electron Microscopic studies of the rat lung microsomes after treatment 
with asbestos fibres 
The rat lung microsomes isolated was compared with the lung microsomes 
isolated by the methods of 3ohannesen et al. (1977) and calcium aggregation 
(Litterst et al., 1975) under the scanning electron microscope. 
The lung microsomes isolated was preincubated with UICC chrysotile, 
crocidolite, amosite and anthophyllite for 1 hr at 37°C. The incubation mixtu-
res contained 500 /jg dust/mg microsomal protein. The microsomes incubated with 
different dusts were divided into two parts. The first part was centrifuged at 
i^OOO rpm, in Remi T8C, ordinary centrifuge for 5 min. and the supernatant was 
used for the SEM studies. The second part was used for the SEM studies without 
centrifugation to see the interactibJlity of different dusts with the microsomes. 
A stepwise procedure for the preparation of samples for scanning electron 
microscopic studies ar^ given below: 
i) The rat lung microsomes treated with different asbestos fibres and 
isolated by different methods were placed in 1.5 ml fixative (2% glutaral-
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dehyde, 2.6% formaldehyde in 0.07 M cocodylate buffer, pH Z.'t and 3% 
sucros^ for 2 hrs in a refrigerator . 
ii) The samples were centrifuged and the residues were placed in cocodylate 
buffer overnight in a refrigerator, 
iii) The samples were centrifuged and the residues were again fixed in 1% 
Osmiumtetraoxide {0<D.) in 0.1 M phosphate buffer, pH/.'f, for 2 hrs and 
then centrifuged. The supernatant was decant in a fumehood. 
iv) The samples were dehydrated in 70%, 95% (2 changes) and 100% alcohol 
(ethanol) at 37°C temperature for 15 min at each step, 
v) The samples were suspended in absolute alcohol, 
vi) A drop of each sample were placed on formvar coated grids and covered 
with a piece of glass cover slip, 
viii) Grid were placed in perforated vial and dehydrated in acetone followed 
by critical point drying, 
viii) Samples were coated with 150 A° layer of palladium-gold on Jeol 3EC-
1100 ion sputter coater for 12 min. 
ix) The coated copper stubs were examined in a JEOL 3SM-35C Scanning 
electron microscope at magnification, f^OOO x. 
n 
Enzyme Assays 
The procedures used here for determining enzyme activity and other 
estimations were originally developed for tissues other than lung. In order to 
avoid unnecessary assumptions, the linearity of these assays with enzyme amount 
and with time using lung preparations were investigated and found to be satisfac-
tory. 
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NADPH Cytochrome-C-reductase activity (E.G. 1.6„2.3) 
NADPH cytochrome-C-reductase in rat lung microsomal fraction was 
measured at 30°C by monitoring the reduction of cytochrome C by 0.1 mM NADPH 
m 0.3 M phosphate buffer pH/as described by Dallner (1963). The assay was started 
by the addition of NADPH rather than by the addition of cytochrome C or lung 
microsomal preparation. The reduction of cytochrome C was measured by 
following the increase in absorbance at 550 nm in a Pye Unicam SP8-200, 
double beam spectrophotometer. The enzyme activity was expressed as n mol 
cytochrome C reduced/min/mg microsomal protein by using a molar extinction 
coefficient of 2.10 x 10*^  M"^  cm"^ (Massey, 1959). 
Benzo(a)pyrene hydroxylase activity (EC 1.14.14.2) 
Benzo(a)pyrene hydroxylase activity was assayed according to the proce-
dure of Dehnen et al. (1973). The reaction mixture in 2.0 ml consisted of 1 /j 
mole NADP, 10^ mole glucose-6-phosphate, 25 /j mole magnesium chloride, 50 p 
mole nicotinamide in 0.2 M phosphate buffer, pH 7.^ and enzyme (0.2 ml of 
dust treated microsomes 500 yug asbestos fibres/mg microsomal protein). After 
preincubation for two minutes, 80 n mole of benzo(a)pyrene (dissolved in 20 / J1 
of acetone) was added and the tubes were shaken aerobically in a metabolic 
incubator shaker, at 37°C for 30 minutes. Reaction was terminated by the 
addition of 1.0 ml TritonX-100 solution mixture (10% per cent v/v in 1 N NaOH 
with 1 per cent (w/v) EDTA). The control was also run in the same manner 
except that the substrate was added after the termination of the reactions. 
The quantitation of phenolic benzo(a)pyrene was based on the comparison of 
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fluo-rescence of 3-hydroxybenzo(a)pyrene as standard. All the steps were 
carried out under subdued light. Fluorescence of hydroxylated, benzo(a)pyrene 
metabolites were measured at excitation/^max of i^65 nm and emission/^max of 
520 nm, in an AMINCO SPE-500 spectrophotofluorimeter. Specific activity was 
expressed as p mole 3-OH-benzo(a)pyrene formed per minutes per mg of micro-
somal protein. 
Epoxide hydratase activity (EC 3.3.2 J ) 
Epoxide hydratase activity was assayed by the fluorimetric technique as 
described by Dansette et al. (1979). In a typical assay of microsomal activity, 
the lung microsomes (500/jg/ml) in 3 ml of Tris-HCl buffer (0.015 M, pH 8.7) 
were incubated at 37°C in a metabolic incubator shaker for 1 hr. The reaction 
was initiated by the addition of styrene epoxide to the final concentration of 
20 yu M so that the absorbance of the solution ( 0.01) was sufficiently low at 
both excitation and emission wave-lengths to avoid quenching. The reaction was 
terminated by the addition of 0.15 ml tetrahydrofuran of analytical grade to the 
reaction mixtures. Controls were also run in the same manner except that subs-
trate was added after the termination of the reactions. Fluorescence of dihydro-
dial of styrene epoxide metabolite was measured at excitation^Nmax of 310 nm 
and emission/^ max of 385 nm in an AMINCO SPE-500 spectrophotofluorimeter. 
All the steps were carried out under subdued light. Specific activity was 
expressed as optical density (O.D) change/mg microsomal protein/hr at 37°C. 
Glutathione-S-transferase activity (EC 2.5.1.18) 
Glutathione-S-transferase activity towards l-chloro-2, 'f-dinitrobenzene 
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(CDNB) was assayed spectrophotometrically as described by Habig et al. (197^^). 
The cuvettes in a final volume of 3.0 ml contained 0.2 M phosphate buffer, pH 
6.5, 1 mM reduced glutathione (GSH), and 1 mM CDNB and suitable aliquots of 
approximately diluted enzyme (lung cytosolic fraction). The change in absor-
bance at 3W nm was followed at room temperature against a suitable blank 
containing all reactants except the enzyme. Enzyme activity was expressed as 
n moles CDNB conjugate formed per min per mg of cytosolic protein by using 
3 -1 -1 
a molar extinction coefficient of 9.6 x 10 M cm . 
CHEMICAL ESTIMATION 
Determination of cytochrome P-'^ O^ and P-4'^ 8 contents 
The microsomal cytochrome P-'f50 and P-'f'fS concentration were deter-
mined as described by Omura and Sato (1964) from the carbon monoxide plus 
dithionite-reduced minus carbon monoxide, using difference spectra in a Pye 
Unlearn SP8-200, double beam spectrophotometer. An approximately diluted 
rat lung microsomes (1 mg microsomal protein/ml reaction mixtures) were taken 
in two cuvettes, carbon monoxide gas was bubbled for two minutes. A base line 
between ^^00-500 nm was recorded. To the sample cuvette, a pinch of sodium 
dithionite was added and mixed well. The difference spectra between 'fOO-500 
nm was obtained. A molar extinction coefficient of 91,000 per cm per mole 
was used for the absorbance change between 450-490 nm and 448-490 nm. The 
content of cytochrome P-450 and 448 were expressed as p moles cytochrome 
P-450 and P-448 per mg microsomal protein. 
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Determination of heme in microsomes 
Heme was measured as pyridine hemochromogen as described by Falk 
(I96if). 
Lipid peroxidation studies 
Enzymatic and non-enzymatic lipid peroxidation was studied according to 
the method of Ottolenghi (1959) as modified by Hunter et al. (1963), by estimating 
malonaldehyde formed with 2-thiobarbituric acid. 
Oxygen (100%) was bubbled through the microsomal suspensions in 0.1 M 
phosphate buffer, pH 7M containing 0.1 mM EDTA, for 1 min. prior to the start 
of the experiments. The incubation mixtures contained 500 ug asbestos fibres/ 
mg microsomal protein. For enzymatic lipid peroxidation, the incubation mixtu-
res contained O.k mM final concentration of freshly prepared NADPH.Fe - depen-
dent lipid peroxidation was studied by using freshly prepared ferrous sulphate solu-
tion. The incubation mixture, contained 2.5 mM final concentration of iron. The 
controls were also run in the same manner except that no dust was used in the 
mixtures in 25 ml conical flasks, were incubated aerobically at 37°C for 2 hr 
with constant shaking in a metabolic incubator shaker. The reaction was ter-
minated by the addition of 0.3 ml of 5 N HCl and 0.625 ml of +^0% trichloroacetic 
acid (TCA). The samples were transferred into centrifuge tube. To these centri-
fuge tubes 0.625 ml of 2% neutralized thiobarbituric acid solution was added and 
the samples were incubated at 90°C for 20 min in a temperature control water 
bath. After this incubation, the samples were placed on crushed ice for 5 min. 
and then centrifuged at 10,000 x g for 5 min in a Sorvall EC-5 B refrigerated 
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superspeed centrifuge. The amount of malonaldehyde formed in each samples 
were determined by measuring the optical density of the supernatants at 532 nm 
with Pye Unicam SP8-200 spectrophotometer. The results were expressed as the 
n mole malonaldehyde (MDA) formed/mg of microsomal protein/2 hrs at 37°C by 
using a molar extinction coefficient of 1.56 x 10 M cm (Sinnhuber and Lu, 
1958). 
Estimation of protein 
The protein content in trichloroacetic acid (TCA) precipitate was estimated 
by the method of Lowry et al. (1951), using crystalline bovine serum albumin as 
standard. 
Statistical Analysis 
The values are presented as mean ± S.E. of six separate experiment. Data 
was evaluated by the Student's 't ' test (Fisher, 1950). A value of p-CO.05 was 
considered to be significant. 
RESULTS 
Isolation of lung microsomal fraction 
The microsomal fraction has been successfully isolated from rat lung. 
Some of the vitcd components of the microsomal fractions isolated by 3ohannesen 
and present methods have been reported inTable 7. 
On comparing the two methods, it is obvious that certain minor modifications 
in the original method of Johannesen, certainly improved the recovery and 
stability of the isolated microsomal fractions. The present method yielded rela-
tively pure and stable microsomes with better recoveries of protein, cytochrome 
P-^50, NADPH-cytochrome-C-reductase and benzo(a)pyrene hydroxylase. The 
microsomal membrane isolated by the present method is also relatively more 
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Table 7 
Comparison of the recovery of some o( th? components of rat lung microsomal 
fractions isolated by 3ohannesen and present methods 
Components .lohannesen's Present Method 
Method 
Protein^ 8.52 ± 0.73 9.65 ± 0,6^* 
Cytochrome P-k50° 0.065±0.009 0.078±0.01 
NADPH-cytochrome c reductase*^ 81.^ +2 ± 6.50 89,10 ± 8.50 
Benzo(a)pyrene hydroxylase 9.U0 ± 1.10 J2.60 ± 1.50 
Lipid peroxidation^ 0.76 ± 0.015 0.35 ± 0.012 
a - mg microsomal protein/g fresh wt . of tissue 
b- nmol /mg microsomal protein 
c- nmol cytochrome c reduced/min/mg microsomal protein 
d -pmo l 3-hydroxybenzo(a) pyrene formed/min/mg microsomal protein 
e -nmo l malonaldehyde formed/mg microsomal protein/2 hrs at 37°C 
In the present method, 10,000 g pellet was gently rehomogenized and to 
10,000 g supernatant, ascorbic acid, to a f inal concentration of 0.2 mM was 
added before obtaining microsomal pellet at 1,05,000 g for 90 min. The 
f inal pellet was suspended in Q.15M KC l ; 0.05 M Tr is-HCl buffer, pH J.k 
containing 2% glycerol and 0.1 mM EDTA. For l ip id peroxidation studies, the 
pellet was suspended in 0.1 M phosphate buffer, pH 7A containing 0.1 mM 
EDTA. 
The values represent average of six separate experiments ± Standard Errors. 
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stable than isolated by the method of 3ohannesen as evident from lipid peroxida-
tion study. 
Scanning and transmission electron microscopic studies of the rat lung micro-
somes 
The scanning and transmission electron micrographs of the lung microsomes 
isolated by three different methods are shown in Fig. 12a, b & c and Fig. 13a, b 
& c, respectively. 
The scanning and transmission electron micrographs of the isolated lung 
microsomes shows that the microsomes isolated by this method is free from any 
contamination by other organelles as compared to the lung microsomes isolated 
by the method of Johannesen et al. (1977) and calcium aggregation (Litterst 
et al., 1975). Minimal aggregation of lung microsomes was observed by this 
method as compared to other two methods. The morphology of the lung micro-
somes isolated by this method shows more intact form than the microsomes iso-
lated by other conventional methods. 
Adsorption of cytochrome P-'^ 50 and P-tt^ti by mineral fibres 
The data for the adsorption of cytochrome P-'t^O and P-'f'fS proteins by 
different asbestos fibres have been presented in Table 8. 
The chrysotile was most effective in the adsorption of cytochrome P-'f^O 
proteins and anthophyllite was the least. The extent of adsorption of cytochrome 
P-iii^i (3MC-induced form) was more as compared to cytochrome P-^^50 (consti-
tutive form) by chrysotite and crocidolite. However, amosite and anthophyllite 
adsorbed both the proteins almost to the same extent. 
Fig. 12a. Scanning electron micrograph of the lung microsomes 
isolated by the modified method. (Magnification x 4,000) 
Fig. 12b. Scanning electron micrograph of the lung microsomes 
isolated by the method of Johannessen et al. (1977). 
(Magnification x 4,000). 
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Fig. 12c. Scanning electron micrograph of the lung microsomes 
isolated by the calcium aggregation method (Litterst 
et al., 1975). (Magnification x 4,000). 
Fig. 13a. Transmission electron micrograph of the lung microsomes 
isolated by the modified method. 
(Maonification x 14,000). 
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Fig-12c 
Fig-13a 
Fig. 13b. Transmission electron micrograph of the lung microsomes 
prepared as described by Johannesen et al. (1977). 
(Magnification x 14,000). 
Fig, 13c. Transmission electron micrograph of the lung microsomes 
obtained by the calcium aggregation method (Litterst 
et al., 1975). (Magnification x14,000). 
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Fig-13b 
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Fig-13 c 
Fig. lAa. Scanning electron micrograph of the lung microsomes prein-
cubated with UICC chrysotile, particle size < 30 AJ 
(500 Ajg dust/mg microsomal protein, at 37°C for 1 hr). 
(Magnification x 4,000). 
Fig. lAb. Scanning electron micrograph of the lung microsomes prein-
cubated with UICC crocidolite, particle size < 3 0 A J 
(500 AJg dust/mg microsomal protein, at 37°C for 1 hr). 
(Magnification x A,000). 
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Table 8 
Differential adsorption oi cytochrome P-'+50 and P-'t'+S proteins by asbestos 
fibres 
Treatments Cytochrome P-^50 Cytochrome P-^kS 
Chrysotile 17.35 ^ 1.2 2^1.12 ± 1.8 
Crocidolite I'*.10 ^ 0.97 19,30 ± 1.1 
Amosite 7.12 T 0A5 9.3'+± 0.7^1 
Anthophyllite 5.30 ± 0.31 7.05 ± G.'fO 
a - p mol cytochrome P-'i50 and I'-'+^S adsorbed/ing asbestos fibres 
The microsomal fractions isolactc>d trom Lintreated and 3-MC treated rats 
were mcubated with asbestos fibres lor 1 hr at 37"C with occasional and 
gentle stirring. After incubation tlu- < ontents of the flasks were centri-
fuged at 10,000 g for 10 mm and cs tochromes P-'i^O and P-^f^S were 
determined in the supernatants. 
The values represent average of - x separate experiments ± Standard 
Errors. 
I l l 
Release of heme after prolonged adsorption of cytochrome P-450 and P-^'fS 
When the cytochrome P-'t^O and P-^'+S proteins were allowed to adsorb 
on the mineral fibres for 72 hrs, heme was detected in the supernatant. The 
data for heme release have been recorded inTable 9. 
The heme was released only with chrysotile and crocidolite and not by 
amosite and anthophyllite. The extent of heme released by chrysotile and cro-
cidolite was higher for cytochrome P-^'fS than cytochrome P-^50. Chrysotile 
brought about 25-^5% release of heme from cytochrome P-U^O and P-'/^S, res-
pectively. 
Scanning electron microscopic studies of the rat lung microsomes after 
treatment with different types of asbestos fibres 
Scanning electron micrographs of the lung microsomes treated with 
chrysotile, crocidolite,amosite and anthophyllite, respectively are shown in 
Fig. I't a, b, c & d. 
The scanning electron microscopic studies of the dust t reated microsomes 
shows that chrysotile and crocidolite, the most carcinogenic mineral fibres has 
high interactibility with the microsomes than the amosite and anthophyllite. 
The low speed supernatants of the dust t reated microsomes shows more fibres 
in the case of chrysotile and crocidolite than the amosite and anthophyllite as 
shown in Fig. 15a, b, c & d. 
Effect of asbestos fibres on benzo(a)pyrene hydroxylase activity 
All the mineral fibres tested, inhibited the activity of rat lung benzo(a)-
pyrene hydroxylase in vitro. The data for the enzyme inhibition by different 
fibres have been recorded in Table 10. 
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V-
Fig-Ua 
Fig-Ub 
Fig. 14c. Scanning electron micrograph of the lung microsomes pre-
incubated with UICC amosite, particle size <30/u (500/ug 
dust/mg microsomal protein, at 37°C for 1 hr. 
(Magnification x A,000). 
Fig. lAd. Scanning electron micrograph of the lung microsomes 
preincubated with UICC anthophyllite, particle size 
<30/J (500/jg dust/mg microsomal protein at 37°C for 
1 hr.). (Magnification x 4,000). 
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Fig.U. 
--"Y 
Rg.Ud 
Fig. 15a. Scanning electrqn micrograph of the supernatant obtained 
by centrifugating the UICC chrysotile (particle size < 
30/j) - treated lung microsomes (500Ajg dust/mg microsomal 
protein, at 37°C for 1 hr) at 4,000 rpm for 5 min on Remi 
T8C centrifuge. (Magnification x 4,000). 
Fig. 15b. Scanning electron micrograph of the supernatant obtained 
by centrifugating the UICC crocidolite (particle size <^  
30/j ) - treated lung microsomes (500AJg dust/mg microso-
mal protein, at 37°C for 1 hr) at 4,000 rpm for 5 min on 
Remi T8C centrifuge. (Magnification x 4,000). 
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Fig-15a 
f ;:^^:^'^*^''^" -
\^>'^-
Fig.15b 
Fig. 15c. Scanning electron micrograph of the supernatant obtained by 
centrifugating the UICC amosite (particle size<30Ai) - tre-
ated lung microsomes (500Ajg dust/mg microsomal protein, at 
37°C for 1 hr) at A,000 rpm for 5 min on Remi T8C centrifuge. 
(Magnification x 4,000), 
Fig. 15d. Scanning electron micrograph of the supernatant obtained by 
centrifugating the UICC anthophyllite (particle size<30Aj) 
treated lung microsomes (500AJg dust/mg microsomal protein, 
at 37°C for 1 hr) at A,000 rpm for 5 min on Remi T8C centri-
fuge. (Magnification x A,000). 
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Fig-15c 
Fig-lSd 
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Table 10 
Inhibition of benzo(a)pyrene hydroxylase activity by different 
mineral fibres 
Treatments Benzo(a)pyrene hydroxylase activity^ 
ControJ 11.60_^0.91 
Chrysotjle 7.i^2iOA6^ 
Crocidolite 7.85±0.52^ 
Amosite S.ZOtl.O^'^ 
Anthophyliite 9.60±1.24^ 
*p mol 3-OH benzo(a)pyrene formed/min/mg microsomal protein. 
The microsomal fraction isolated from rat lungs were pre-incubated with 
mineral fibres for 1 hr at 37°C. 
The incubation mixture contained 500/jg dust/mg microsomal protein. 
The values are expressed as mean ± S.E. of six separate experiments-
^p<0.001, ^p<.0.05, ^p - NS 
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The chrysotile was found to be the most potent inhibitor of the enzyme. 
In case of 3MC-treated samples, the order of inhibition is just same to that of 
untreated samples, but the magnitude of the inhibition is slightly less than the 
double of the untreated samples (except anthophyllite where it was more than 
double). 
Effect of asbestos fibre on epoxide hydratase activity 
All the- mineral fibres tested, inhibited the activity of rat lung microsomal 
epoxide hydratase in vitro. The data for the enzyme inhibition by different 
fibres have been recorded in Table 11. 
The chrysotile was found to be most potent inhibitor of the enzyme. How-
ever, the crocidolite showed slightly less inhibition of the enzyme as compared 
to chrysotile but amosite and anthophyllite showed less inhibition. The inhibition 
of enzyme activity by anthophyllite was found to be more or less three times 
less as compared to chrysotile. Chrysotile, crocidolite, amosite and anthophy-
llite inhibited about 60 -, ^6 -, 37 -, and 23% epoxide hydratase activity, respec-
tively. Thus, the order of inhibition of epoxide hydratase activity by mineral 
fibres is as follows: Chrysotile y crocidolite y amosite y anthophyllite. 
Effect of mineral fibres on the activity of giutathione-S-transferase 
The data of the effect of mineral fibres on the activity of glutathione-S-
transferase of control and 3MC-treated groups have been presented in Table 12. 
All the four mineral fibres inhibited the activity of glutathione-S-trans-
ferase after one hour preincubation with cytosolic fractions in vitro. The inhibi-
tion of glutathione-S-transferase activity in control and 3MC-treated groups 
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Table 11 
Inhibition of epoxide hydratase activity by different mineral fibres 
Treatments Epoxide hiydratase activity* 
Control 0.0350±0.0032 
Chrysotile 0.0140 + 0.0012^ 
Crocidolite 0.0190±0.0015'^ 
Amosite 0.0255±0.0016^ 
Anthophyllite 0.0270±0.00lit^ 
*AO.D. /mg microsomal protein/hr. 
The microsomal fraction isolated from rat lungs were preincubated 
with mineral fibres for 1 hr at 37°C. 
The incubation mixture contained 300/Jg dust/mg microsomal protein. 
The values are expressed as mean ± S.E. of six separate experiments. 
^p>0.001, ^p<0.001, ^p<0.02 
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Table 12 
Effect of mineral fibres on the glutathione-S-transferase activity 
Treatments Glutathione-S-transferase activity* 
Control 
Chrysotile 
Crocidolite 
Amosite 
Anthophyllite 
*n mol CDNB conjugate formed/min/mg cytosolic protein. 
The cytosolic fractions were pre-incubated with mineral fibres at 30°C 
for 1 hr prior to the estimation of enzymatic activity. 
The incubation mixture contained 500 /jg dust/mg cytosolic protein. 
The values are expressed as mean + S.E. of six separate experiments. 
^p> 0.001, p<_0.001, ^p - NS 
126.20: 
88.90i 
72.30i 
106.30: 
115.if0: 
H i t . 3 7 
:2.98^ 
:3.12^ 
t3.76^ 
ttf.lS*^ 
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was in the following order: crocidolite y chrysotile"^ amosite "]> anthophyllite. 
In case of 3MC-treated animals, anthophyllite is better inhibitor than amosite. 
However, the extent of inhibition ofglutathione-S-transferase by mineral fibres 
were higher in 3MC-treated sample over the control animals. 
Effect of mineral fibres on enzymatic and non-enzymatic lipid peroxidation of 
microsomes 
The data of the effect of asbestos fibres on the lipid peroxidation (both 
enzymatic and non-enzymatic) of microsomal fractions from control and 3MC-
treated rats have been reported in Table 13. 
Mineral fibres induced non-enzymatic (Fe -induced) lipid peroxidation in 
microsomal fractions on incubation, asbestos fibres with microsomes in vitro. 
Chrysotile, crocidolite, amosite, and anthophyllite induced about 176,508, 73- and 
^ 1 % lipid peroxidation, respectively. Thus, the order of non-enzymatic lipid 
peroxidation induction by mineral fibres is as follows: crocidolite /> chrysotile ^ 
amosite "^ anthophyllite. Chrysotile and crocidolite enhanced enzymatic lipid 
peroxidation (NADPH-induced), appreciably whereas amosite and anthophyllite 
induced only marginal changes. 
The induction of lipid peroxidation with chrysotile and crocidolite in 
3MC-treated microsomal fraction was higher than control. The enzymatic lipid 
peroxidation induced by chrysotile and crocidolite was almost 2-fold higher in 
3-MC treated group over the control. The LPO induced by amosite and antho-
phyllite was slightly higher in 3MC-treated group. However, the non-enzymatic 
LPO in the presence of tijese mineral fibres was almost equal in both the groups. 
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DISCUSSION 
In the present study, rat was chosen as experimental animal, because rat 
is a reasonably good model for polycyclic aromatic hydrocarbon-induced tumours 
of the respiratory t ract as observed in man. Secondly, successful at tempts 
were made to improve the method for the isolation of stable microsomal frac-
tion from the rat lung which is to be used as suitable in vitro model for studying 
xenobiotic metabolism. 
Gentle rehonogenizationof 10,000 x g pellet certainly increased the 
yield of microsomal fraction (Erikson et al., 1978). However, incorporation of 
ascorbic acid during isolation of microsomal fraction provided further stability 
to isolated microsomes with higher recoveries of protein, cytochrome P-^50, 
NADPH-cytochrome £ reductase and Denzo(a)pyrene hydroxylase. This obser-
vation possibly may explain why degradation of cytochrome P-l^•50 heme was 
observed from the lung microsomes isolated from ascorbic acid deficient guinea 
pigs (Omaye and Turnball, 1979). 
The constitution of the medium for the suspension of microsomes, as 
determined by the present author, containing isotonic KCl in 0.05 M Tris-HCl 
buffer (pH 7A) with glycerol and EDTA either kept the microsomes in stable 
form or helped to protect it from autooxidation (Ichikawa et al., 1967; Ahmad 
and Tewari, 1979). 
As the isolated lung microsomes has high recovery, unaltered chemical 
and enzymic propertiesland also found to be free from any contamination by 
other organelles, therefore, the present method provided an edge over the 
previous conventional methods for the isolation of microsomes. 
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The present findings have established a positive correlation between 
the carcinogenic and co-carcinogenic nature of the nninereil fibres and their 
effect on the microsomal integrity and functions. Chrysotile and crocidolite 
which are known to cause bronchogenic carcinoma (Hammond, 1966; Selikoff 
et al., 1980), adsorbed considerably higher amount of cytochrome P-'f^O pro-
teins than the non-carcinogenic fibres like amosite and anthophyllite, when 
t reated with lung microsomes, which is also evident from their electron micros-
copic studies. Further, chrysotile adsorbed more cytochrome P-^^d> than cyto-
chrome P-450. On prolonged t reatment these carcinogenic mineral fibres cau-
sed the destruction of heme protein molecules and released heme. Here again, 
more 
cytochrome P-'f^S was/prone to liberate heme by chrysotile and crocidolite. 
The adsorption of cytochrome P-450 and P-^48 by carcinogenic mineral fibres 
and release of heme from the adsorbed hemo-proteins shows their high intera-
ctibility with the biological macromoJecules. Further, the adsorption of nega-
tively charged microsomal membranes (Blad and Dallner, 1972) by both positi-
vely charged chrysotile (Ahmad and Tewari, 1979) and negatively charged amphi-
boles (Selikoff and Lee, 1978) shows that the surface charges of these two types 
of asbestos are not the principal factor which are responsible for the inte-
raction of asbestos with microsomal membranes, but the chemical groups 
common to both the types of asbestos may be more important. Enhanced 
both enzymatic and non-enzymatic microsomal lipid peroxidation was also 
observed by these carcinogenic mineral fibres. Here also the higher rate of 
lipid peroxidation was recorded in 3-methylcholanthrene-treated microsomes 
as compared to control microsomes. Recently, same observation have been 
reported by other investigators (Fontecaus et al., 1987; Dajte et al,, 1987). 
1 2 5 
The lipid peroxidation induced by dust was correlated with the generation ol 
free radicals (Weitzman and Graceffa, 1984; Rahman and Casciano, 1985; 
Mossman and Marsh; 1985). The structural damage to cytochrome P-450 and 
p_44g systems and the enhancement of lipid peroxidation may be a sequential 
reaction (Levin et al., 1973), since enhancement of lipid peroxidation was 
observed after two hours of t rea tment , while the heme release did not occur 
before 72 hours. The present results are in agreement with the data on lipid 
peroxidation reported earlier using hepatocytes as model system (Rahman and 
Casciano,1985). 
The lipid peroxides, a byproduct of peroxidative degradation of poly-
unsaturated fatty acids have tremendous toxic potential in the biological system 
(Shamberger et al., I97i^; Yonei and Furei, 1981; Dix and Marnett, 1983; G ow6r, 
and Willis, 1986). These include alterations in membrane fluidity, initiation of 
free radical chain reactions, direct toxicity of lipid breakdown products and 
effect on intermediate metabolism of xenobiotics. The structural damage of 
hemo-protein may produce an instant effect on the metabolic disposition of 
xenobiotics, mediated through microsomes. Simultaneously, the heme molecu-
les may exert some regulatory functions since heme is considered to be a 
positive modulator of cytochrome P-450 gene transcription and is also requi-
red to stabilize the freshly synthesized apoprotein (Dwarki et al., 1987). 
The asbestos fibres inhibited the activities of lung microsomal benzo(a)-
pyrene hydroxylase and epoxide hydratase and the order of inhibition in the 
enzyme activity observjpd was same as their adsorption potential for cytoch-
rome P-450 and P-^^fS from microsomes, isolated from control and 3-MC-
treated rats , respectively. Moreover, the observed reduced activity of 
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benzo(a)pyrene hydroxylase and epoxide hydratase may be a result of the 
destruction of the molecular assembly of cytochrome P-450 and P-^'tS systems, 
by the carcinogenic dust. The inhibited levels ofbenzo(a)pyrene hydroxylase 
and epoxide hydratase will reduce the clearance ra te of benzo(a)pyrene, a 
well known carcinogen, to which lung is directly exposed either by smoking or 
from other envdronmental sources (GeJboin, 1980). This may in turn accentuate 
the carcinogenic stimulus for the risk of bronchogenic carcinoma (Shabad et 
al., 197it). 
The other changes like inhibition in glutathione-S-transferase activity 
may further complicate the situation. The clearance of metabolites formed by 
phase I reactions will be reduced further by feeble phase 11 reactions, depen-
dent on glut at hione-S-transferase catalyzed conjugation (Cooper et al., 1980). 
The deceleration of the conjugation reaction will increase the concentration of 
the reactive metabolites in the target tissue, hence providing the accumulated 
metabolites with the opportunity of interacting with DNA (Wattenberg, 1983). 
Similar result were also reported by Brown et al. (1983). 
The net effect will be an alteration in the metabolic disposition of 
various toxicants, reaching the lung, which will ultimately be responsible 
for the induction of lung carcinoma. The present study also showed the 
innocuous effects of non-carcinogenic mineral fibres like anthophyllite 
(Michael and Chissick 1979), so far as the alterations in microsoonal r e a c t i o n s 
are concerned. 
It is, therefore, evident from the results of the above in vitro studies 
that the extent of damage which a dust can produce in the metabolic clea-
rance reactions, mediated by microsomes,may be correlated with their carci-
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nogenic potential . Thus, the present system offers a distinction between the 
carcinogenic and non-cari ..logenic mineral fibres, therefore, it may be used 
as a sample screening procedure for the assessment of the carcinogenic 
potential of other natural and man-made mineral fibres whose toxicity is yet 
unknown. 
However, at present it is difficult to determine the exact contributions 
made by different biochemical events reported, occurring in vitro caused by 
asbestos fibres, in the induction of lung cancer in vivo. Further experiments 
to distinguish and quantify the various biochemical mechanisms, operating 
in vivo in the genesis of bronchogenic carcinoma in asbesto,^ exposed wor-
kers, who smoke, are reported in chapter III. 
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CHAPTER 111 
INFLUENCE OF ASBESTOS ON PULMONARY XENOBIOTIC METABOLIZING 
ENZYME SYSTEM : IN VIVO STUDIES 
129 
INTRODUCTION 
The increased risk of developing a variety of lung diseases in asbestos 
exposed workers is a major health concern (Hunter, 1969; Craighead and Mossman, 
1982, Mossman et al., 1983). The biochemical changes induced by different mine-
ral fibres in relation to their cytotoxicity and fibrogenicity has been very well 
documented (Allison et al., 1966; Beck, 1975; Da vies, 1980; Singh et al., 1976; 
Rahman et al., 1977; Misra et al., 1978; Rahman et al., 1979; Khan et al., 1983, 
1984). 
However, the informations available on the biochemical effects of asbestos 
with other predisposing conditions such as smoking in relation to carcinogenesis is 
scarce. The synergistic interactionof asbestos and tobacco smoke in the genesis 
of bronchogenic carcinoma has been reported extensively by both epidemiological 
and experimental studies (Berry et al,, 1972; Saracthi, 1977; Selikoff et al., 1980; 
Meurman et al., 1979; Pylev and Shabad, 1973; Salk and Vosamae, 1975; Miller et 
al., 1965; Shabad et al., 197^ ;^ Mossman and Craighead, 1978; Topping et al., 1980; 
Mossman and Craighead, 1982; Mossman et al., 1983; Jackson et al., 1987; Kimizuka 
et al., 1987). It is known that the combination of tobacco smoking and asbestos 
exposure lead to an enormously high incidence of bronchogenic carcinoma 
(Selikoff and Lee, 1978). Several explanations have been offered to account for 
the observed synergistic action of asbestos and cigarette smoking in the etiology 
of lung cancer (Shabad et al., 197^1; Lakowicz et al., 1978; Lakowicz and Be van, 
1980; Kandaswami and O'Brien, 1980; Mossman et al., 1983; Kandwaswami et a!., 
1986). However, the actual mechanism of such interaction is still obscure. It has 
been shown that asbestos fibres inhibit the activity of microsomal aryl hydrocarbon 
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hydroxylase and aminopyrene N-demethylase (Kandaswami and O'Brien , 1981; 
Kandaswami at al., 1983, 1986). Brown et al. (1983) have reported that asbestos 
fibres inhibit the glucuronide accumulation in various cell lines. 
Since pulmonary xenobiotic metabolizing enzyme system is involved in 
overall metabolism of carcinogens, any effect on the activity of these enzymes 
may change the metabolism of the carcinogens present in the system either from 
cigarette smoke or from other environmental sources. Therefore, in the present 
study the influence of chrysotile asbestos, the most potent carcinogenic mineral 
fibres, on the xenobiotic metabolizing enzyme system, enzymatic and non-enzymatic 
microsomal lipid peroxidation, antioxidant levels in the lung of rats at progressive 
stages of dust exposure have been studied. 
MATERIALS AND METHODS 
Materials 
Dust 
Chrysotile, UlCC (Union Internationale Contra Cancer) standard reference 
sample, particle size<C30 /u was obtained as a gift from Dr. 3.B. Leinweber, 
John-Man ville Mills, U.S.A. 
Chemiceds 
Benzo(a)pyrene, 3-hydroxy benzo(a)pyrene, 3-methylcholanthrene, styrene 
epoxide, ascorbic acid, reduced glutathione, Triton x 100, bovine serum albumin, 
and 2-thiobarbituric acid were procured from Sigma Chemical Company, U.S.A. 
All the other chemicals an(jl reagents were either purchased from V.P.Chest 
Institute, New Delhi or Sisco Research Laboratories (SRL), Bombay, India and 
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as described by Dehnen et al. (1973). The reaction mixtures in 2.0 ml consisted 
of 1 yu mole NADP, 10/J mole glucose-6-phosphate, 25/ j mole magnesium chloride 
and 50/u mole nicotinamide in 0.2 M phosphate buffer, pH 7.^ 1 and enzyme (0.5 
ml of microsomes suspended in buffer at final concentrations equivalent to 200 
mg tissue/ml). After preincubation for two minutes, 80 n mole of benzo(a)-
pyrene (dissolved in 20 ^1 of acetone) was added and the tubes were incubated 
at 37°C for 30 minutes in a metabolic incubator shaker. All the steps were 
carried out under subdued light. Reaction was stopped by the addition of 1.0 ml 
Triton X 100 solution mixture (10 per cent (v/v) in 1 N NaOH with 1 per cent 
(w/v) EDTA). The controls were also run in the same fashion except that the 
substrate was added after the addition of Triton x 100 solution mixture. The 
quantitation of phenolic benzo(a)pyrene was based on the comparison of fluo-
rescence of 3-hydroxy benzo(a)pyrene as standard. The fluorescence were 
measured at exci ta t ion/^ max of 1^65 nm and emiss ion^ max of 520 nm in an 
AMINCO SP-500 spectrophotofluorimeter. Specific activity was expressed as p 
mole 3-OH benzo(a)pyrene formed/min/mg microsomal protein. 
Epoxide hydratase activity (EC 3.3.2.3) 
Epoxide hydratase activity was assayed by the fluorimetric technique 
as described by Dansette et al. (1979). A detailed procedure is given in Chapter 
U. 
Glutathione-S-transferase activity (EC 2-5.1.18) 
Glutathione-S-transferase activity was determined by the procedure des-
cribed by Habig et al. (197^) by using l-chloro-2,^ dinitrobenzene (CDNB) as 
substrate. 
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Chemical Estimations 
Determination of cytochrome P-450 and P-'t'fS content in lung microsomes 
Microsomal cytochrome P-'+50 and P-'+'tS were quantitated from carbon 
monoxide plus dethionite-reduced difference spectra as described by Omura and 
Sato (1964). A extinction, coefficient of 91,000 cm ' M~ was used for absor-
bance change between P-'i^O and P-'^^S with 1^90 nm. 
Lipid peroxidation studies 
Enzymatic and non-enzymatic lipid peroxidation was determined by the 
procedure of Ottolenghi (1959) as modified by Hunter et al. (1963), by estimating 
the malonaldehyde formed with 2-thiobarbituric ac id. 
Oxygen (100%) was bubbled through the microsomal suspension for 1 min 
prior to the start of the experiments. The reaction mixture in 2 ml contained 
1 ml lung microsomes suspension (microsomes suspended in buffer at final concen-
trations equivalent to 200 mg tissue/ml) and 0.1 M phosphate buffer pH 7.^ con-
taining 0.1 mM EDTA. 
For the enzymatic and Fe -dependent lipid peroxidation studies the 
final concentrations of NADPH and iron (ferrous sulphate) were 0.4 mM and 2.5 
mM respectively in the incubation media. The reaction mixtures in 25 ml conical 
flasi<s were incubated aerobically at 37°C for 90 min with constant shaking in a 
metabolic incubator shaker. The rest of the procedure is described in Chapter II. 
Estimation of glutathione*or sulfhydryl content 
Glutathione content was measured in rat lung cytosolic fraction, according 
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to the method of Ellmann (1959). 
An aliquot of lung cytosol (20%, w/v) was deproteinized by the addition 
of an equal volume of 10% TCA. After cooling for twenty minutes, the test 
tubes were centrifuged. Suitable aliquots of TCA-supernatants were added to a 
solution containing 0.10 M phosphate buffer pH 8.0 and 0.1 M 5,5'-dithio-2-
nitrobenzoic acid (DTNB). The mixture was stirred and absorbance of the colour 
developed was recorded at 412 nm. A standard curve of glutathione was plotted 
to calculate glutathione or -SH contents in the lung cytosol. The content of 
reduced glutathione was expressed as n mol/mg cytosolic protein. 
Estimation of ascorbic acid content in rat lung cytosol 
Ascorbic acid content was estimated in lung cytosol according to the 
procedure of Schaffert and Kingsley (1955). Lung cytosol (1.0 ml, 20% w/v) was 
added to k ml of 6% TCA and kept in cold at 'i"C for twenty minutes. The 
supernatant was collected and treated with a pinch of charged Norit and then 
filtered. The resulting supernatant (1.0 ml) was taken and made upto 'i.O ml by 
1^% cold TCA. One drop of thiourea (10 gm thiourea in 50 ml absolute alcohol and 
diluted to 100 ml with double distilled water) and 1 ml of 2-4-dinitrophenyl 
hydrazine solution (2 gms in 100 ml of 9 N H-,SO.) were added, mixed well and 
the tubes were placed in a boiling water bath for exactly 10 min; then tubes 
were placed in crushed ice for 10 min and 5.0 ml H_SO. (85%) added slowly, 
drop by drop and mixed by swirling. After 20 min, colour intensity was read 
against a suitable reagent blank at 515 nm. Standard curve of ascorbic acid was 
drawn for the calculation of ascorbic acid contents in lung cytosol and expressed 
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as n mole/mg cytosolic protein. 
Estimation of protein 
The protein content in trichloroacetic acid (TCA) precipitate was estimated 
by the method of Lowry et al. (1951) using crystalline bovine serum albumin as 
standard. 
Statistical analysis 
The values are expressed as mean ± S.E. of six animals. The statistical 
significance of differences between treated and control groups are determined using 
student's ' t ' test (Fisher, 1950). A value of p<,0,05 was considered to be significant. 
RESULTS 
Effects of chrysotile treatment on lung weight 
The effect of chrysotile t reatment on fresh weight of rat lung were studied 
at 1, 't, 8, 16, 90 and 290 days post-inoculation. The data have been reported in 
Table 1^. No significant change in the lung weight of chrysotile t reated rats 
was found in early stages of exposure but at 90 and 290 days of exposure, a remar-
kable increase in lung weight of experimental animals were observed. The chryso-
tile t reatment increases about m- and 95% increase in fresh lung weight over the 
untreated groups after 90 and 290 days of exposures, respectively. 
Effect of chrysotile on rat lung microsomsJ and cytosolic fractions 
The biochemical changes related to xenobiotic metabolizing enzyme system 
induced by chrysotile at dirfferent t ime intervals are given inTables 15-20. As 
Table 15 and 16 shows no significant change in the microsomal and cytosolic 
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protein contents from 1 to 16 days but at 90 and 290 days of exposure, a slight 
increase in the contents of both microsomal and cytosolic protein was observed. 
The microsomal fraction of experimental animals showed about 18, 13, 8 and 5% 
decrease in cytochrome P-450 content at 1, '^ j 8 and 16 days of exposures while 
at 90 and 290 days about 22% and ^+3% increase in the content was observed res-
pectively, over their controls (Table 17). Same pattern was obtained with the 
activity of benzo(a)pyrene hydroxylase as shown in Table 18. At 90 and 290 days, 
50% and 48% increase were obtained over their controls, respectively. In the 
case of microsomal epoxide hydratase as shown in Table 19, till 16 days of expo-
sure, there was a decrease in the activity but at 90 and 290 days, after t rea tment 
90% and 96% increase were recorded respectively, over their controls. However, 
in cytosolic fractions, there was a continuous decrease in the activity of gluta-
thione-S-transferase in experimental animals as shown inTable 20. At 90 and 
290 days, the decrease in the activity was about 22% and 39%, which is s ta t i s t i -
cally quite significant. 
Effect of 3-MC t rea tment on chrysot lie-induced changes in rats after 290 days 
of intratracheal t reatment 
The pretreatment of control and dust treated rats with 3-methylcholan-
threne resulted 9, 30 and 102% increase in protein, cytochrome P-'t'+8 and 
benzo(a)pyrene hydroxylase activity in experimental animals. In cytosolic f rac-
tion, the protein content was higher by 13% but glutathione-S-transferase activity 
was lowered by ^^6% (Table 21). 
Effect of chrysotile on water soluble antioxidants 
The contents of ascorbic acid and reduced glutathione from control and 
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experimental animals after 1, 't, 8, 16, 90 and 290 days of exposure to chrysotile 
have been reported inTable 22 and 23, respectively. 
No significant change in the contents of water soluble antioxidants were 
observed after 1, ^, 8 and 16 days of exposure to chrysotile. However, a decrease 
of 29 and 5^% in ascorbic acid, 19 and 25% in reduced glutathione contents were 
recorded after 90 and 290 days of exposure to chrysotile, in experimental animals, 
respectively. 
Effect of chrysotile on enzymatic and non-enzymatic lipid jjeroxidation 
The effect of chrysotile asbestos on lipid peroxidation of lung microsomes, 
isolated from control and experimental groups after [, k, Z, 16, 90 and 290 days 
of t reatments have been reported inTables 2^ -^26 . An increase in both enzymatic 
and non-enzymatic lipid peroxidation was observed at all the stages of exposure 
to chrysotile. The microsomes isolated from experimental animals showed a hig-
her degree of enzymatic (NADPH-induced) and non-enzymatic (Fe -induced) 
lipid peroxidation as compared to controls. 
At 1, if, 8, 16, 90 and 290 days of exposure, an increase in lipid peroxi-
dations were about 88, 128, 100, 65 and W%, respectively, in chrysotile-treated 
rats as compared to their respective controls. However, a significant increase 
in microsomal lipid peroxidation was observed in the chrysotile treated rats but 
a decrease in values were noticed at the advance stage of diseases as compared 
to early exposure. Also the increase in NADPH-dependent lipid peroxidation in 
chrysotile treated rats after 1, ^, 8, 16, 90 and 290 days were found to be 50, 
46, 'fl, 38, 30 and 80% Respectively as compared to their respective controls. 
A higher increase in enzymatic lipid peroxidation was noticed at 290 days of 
exposure to chrysotile as compared to short-term exposures. An increase in 
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Fe -dependent microsomal lipid peroxidation were also observed in rats after 
1, i^ , 8, 16, 90 and 290 days of exposure to chrysotile as compared to their res-
pective controls and the increase was found to be ^f?, ^l, tiO, 39, 32 and 50%, 
respectively. However, no significant difference in the Fe -dependent lipid 
peroxidation were observed in early and late exposures to chrysotile dust. 
DISCUSSION 
It is reveeiled from the present study that asbestos fibre alters the mixed 
function oxidase system of rat lung at all the stages of exposure in >ftw). At the 
initial stages of exposure, the content of cytochrome P-'f50 and the activity of 
benzo(a)pyrene hydroxylase and epoxide hydratase were reduced as compared to 
their respective controls, but at later stages when the disease advanced, a reverse 
pattern with a progressive increase was observed. The disparity in early and late 
respcinse are yet to be elucidated. Moreover, a marked decrease in the activity 
of benzo(a)pyrene hydroxylase in rat lung microsomes isolated from the control and 
experimental animals after 290 days as compared to young aged animals may be 
due to the effect of aging on the lung microsomal benzo(a)pyrene hydroxylase 
activity (Nebert and Gelboin, 1969). The inhibition in the activity of benzo(a)-
pyrene hydroxylase by the mineral fibres at the uutial stages of exposure may be 
due to their interaction with the microsomal membrane (Kandswami et al., 1986). 
The findings reported in l i terature, like partial inactivation of microsomcil mixed 
function oxidase (MFO) system in vitro and in vivo by asbesto tibres (Kandaswami 
and O'Brien, 1981; Kandaswami et al., 1982; 1983, 1986; O'Brien et al., 198'+) 
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and diminished pulmonary clearance and hydroxylation of benzo(a)pyrene, following 
administration of nickel carbonyl to rats (Sunderman, 1967), suggests that the dec-
rease in the content of cytochrome P-450 at the initial stages of exposure may be 
due to the destabilization of the heme proteins (Murakami and Mason, 1967; Yamano 
and Ichikawa, 1978; Dixit et al., 1983). The experiments like pret reatment of con-
trol and chrysotile-treated rats after 290 days with 3-methylcholanthrene showed an 
increase in the content of cytochrome P-'+'tS and benzo{a)pyrene hydroxylase ac t i -
vity in the lung microsomal fraction isolated from dust t reated animals, as compared 
to controls. 
The inhibition in the activity of phase 1 reaction suggests that at the early 
stages chrysotile prolongs the tissue retention of carcinogens. However, the high 
content of cytochrome P-450 and the enhanced activities of benzo(a)pyrene hydroxy-
lase and epoxide hydratase at 90 days and thereafter , thus indicating that chrysotile 
fibre participates actively in the activation of phase 1 reactions at the advanced 
stages of the disease when fibrosis developed. At this stage our results are in 
agreement with Naseem et al. (1978) and Dzugaj et al. (1985), who have reported 
high activity of benzo(a)pyrene hydroxylase in lymphocytes isolated from asbestos 
workers and liver of asbestos exposed mice. The increase in the activity of aryl 
hydrocarbon hydroxylase is very important because it play the major role in the 
regulation of the microsomal biotransformation of polycyclic aromatic hydrocarbons 
(PAHs), the major carcinogen of cigarette smoke (Oeschs, 1973; Wisloeki, 1976; Gel-
boin, 1980; Mitschell, 1985). It is associated with the activation of PAHs in chemi-
cal carcinogenesis. Also, the epoxide hydratase catalyzed formation of dihydrodiols 
is of particular interest . Since in the case of PAHs such as benzo(a)pyrene, it 
provides a precursor for a second monooxygenation vicinal to the dihydrodiol in the 
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formation of benzo{a)pyrene 7,8-dihydrodiol 9,10-epoxide, which is the most potent 
ultimate carcinogenic metabolite of benzo(a)pyrene (Oesch and Guenthner, 1983; 
Sims et al., 197'f; Phillips and Sims, 1979). These diol epoxides, formed by a three 
step activation, i.e. initial conversion of PAHs by microsomal mixed function oxidase 
to an epoxide, then further metabolized to a dihydrodiols by the microsomcd epoxide 
hydratase followed by second oxidation of dihydrodiol on an adjacent olefinic double 
bond in the bay region to form a diol epoxide (Oesch, 1972; Sims et al., 197^ *; Jerina 
et al., 1976; Bentley et al., 1976; Oesch and Schmassmann, 1979), is generally consi-
dered to be the requirement for the DNA binding leading to carcinogenesis (Sims 
et al., 197^ +; Weinstein et al., 1976; ^ennette et al., 1977; Phillips and Sims, 1979). 
The activation of PAHs can take place within the target cells themselves or the 
activated metabolites can be transferred from one cells types to another and in 
this way may affect the other cells also (Autrup et al., 1978; 1980; Harris et al., 
1978; Prough et al., 1979). Thus, the above information indicate that benzo(a)pyrene 
hydroxylase and epoxide hydratase plays a crucial role in the formation of ultimate 
carcinogens derived from polynuclear aromatic hydrocarbons such as benzo(a)pyrene. 
Therefore, the higher activities of lung microsomal benzo(a)pyrene hydroxylase and 
epoxide hydratase on prolonged periods of asbestos exposure may produce more 
reactive metabolites from the known carcinogens present in the cigarette smoke 
in the target tissue, thereby increasing the possibility of higher DNA-adduct forma-
tion (Kandaswami et al., 1982). 
A linear decrease in the activity of glutathione-S-transferase in the case 
of chrysotile treated animals was observed. The maximum inhibition for the acti-
vity was observed at 290 days of treatment, registering a 39% inhibition. This is 
in agreement with the findings of Brown et al. (1983). Glutathione-S-tranSferase 
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IS involved in the detoxification of metabolically iitodified carcinogens by conju-
gation with reduced glutathione (Cooper et al., 19S0; Chasseaud, 1979; Jernstrom 
et al., 1985). The decrease in the activity of this enzyme as observed in this study 
may in turn result in the accumulation of unscavenged reactive metabolites which 
may find access to other sites and exert deleterious effects like the adduct forma-
tion with DNA. Further, a significant decrease in the content of reduced glutathione 
in the lung at 90 and 290 days of chrysotile t reatment indicate the deceleration of 
the glutathione-S-transferase catalyzed conjugation reactions, which may aggravate 
the situation in the presence of other carcinogens, if present in the system. The 
hydrolytic enzymes which released from lysosomes have been reported in asbestotic 
animals at the advanced stages of the disease (Viswanathan et al., 1973). This may 
further negate the clearance by the hydrolysis of preformed conjugates, releasing 
reactive metabolites in the cells. 
A higher ra te of both enzymatic and non-enzymatic lipid peroxidation have 
been recorded in pulmonary microsomal fractions isolated from chrysotile t reated 
rats after [, k, 2>, 16, 90 and 290 days of exposure. Recently, other investigators 
have also reported similar findings (3azte et al., 1987; Fontecaus et al., 1987). 
The lipid peroxides, generated due to the peroxidative damage of polyunsaturated 
fatty acids of the biological membrane have got tremendous toxic potential in the 
biological systems (Mukai and Goldstein, 1976; Yonei and Furei, 1981; Dix and 
Marnett, T983; Gower and Willis, 1986). These include alterations in membrane flui-
dity, initiation of free radical chain reactions, direct toxicity of lipid breakdown 
products, and effects on inliermediatory metabolism of toxins. The lipid peroxides 
are known to stimulate the metabolism of procarcinogens such as benzo(a)pyrene 
1 5 5 
(G ower and Willis, 1986) and also facilitate the binding of ultimate carcinogens 
with DNA (Dix and Marnett, 1983). There are several evidences to prove that 
hydroxyl and superoxide anion radicals are involved in asbestos-induced lipid pero-
xidation (Weitzman and Graceffa, 198^ ;^ Donaldson et al., 1985; Turver et al., 1985; 
Rahman and Casciano, 1985; Case et al., 1986). Further, it is well documented that 
the induction of free radicals may be responsible for the pathogenicity produced by 
asbestos (Mossman and Landesman, 1983; Graceffa and Weitzman, 1987; Hansen and 
Mossman, 1987). Therefore, the enhanced lipid peroxidation of ihe lung microsomes 
in asbestotic rats may contribute to the delayed toxic and carcinogenic effects of 
these mineral fibres. 
A remarkable decrease in the contents of water-soluble antioxidants like 
ascorbic acid and reduced glutathione have been recorded in chrysotile treated rats 
after 90 and 290 days of exposure. However, insignificant depletion in the levels 
of these antioxidants was observed at the initial stages of exposure. Several anti-
oxidants are known to inhibit tumours induced by a variety of carcinogens, including 
PAHs (Schlegal et al., 1970; Shamberger, 1972; Sims and Grover, 1974; 3erina and 
Daly, 197if; Slaga and Bracken, 1977; Speicr et al., 1978; Wattenberg, 1979; 
Kallistratos and Fasske, 1980; Benedict et al., 1980; Shah and Bhattacharya, 1982; 
Coles and Meyer, 1983; Calabrese, 1985; CoUacchio et al., 1986). Ascorbic acid 
is also accepted as one of the important component of mammalian lung defence 
against environmental pollutants (Matkovics et al., 1980; Lake et al., 1981). The 
ascorbic acid level is closely associated with environmental stresses in man and 
animals (Calabrese, 1985). »The physiological role of ascorbic acid was found to be 
organ specific as it stimulates hepatic microsomal lipid peroxidation but inhibits 
in the lung tissues (Wright et al., 1980). Mammalian lung contain a specific 
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energy-dependent transport process for ascorbic acid; capable of accumulating the 
ascorbic acid to tissue much higher than plasma (Wright at al., 1981). Tappel 
(1962, 1968) and other i' vestigators (Harrison et al., 1956; Mengel, 1970) have 
reported that ascorbic acid may reductively regenerate oxidized vitamin E, which 
is known to be a microsomal membrane-bound antioxidant and plays very important 
role in protecting microsomal membrane against the free radical processes of lipid 
peroxidation (Cadenas et al., 198^). Furthermore, the recycling of ascorbic acid in 
animal tissues by reduced glutathione, the most abundant biologiccd thiol, is well 
known (Basu et al., 1979; Som et al., 1980, Winkler, 1987). Therefore, the low 
content of antioxidants in the lung after chrysotile inhalation may hamper the 
defence of the tissue against other environental and occupational contaminants. 
This will again favour the formation of reactive species such as hydroxyl and supe-
roxide anion radicals in the system that may in turn cause tissue injury. 
The carcinogenic potential of asbestos and cigarette smoke has been exten-
sively documented in the l i terature (Saracchi, 1977; Meurman et al., 1979; Mossman 
et al., 1983). Cigarette smoke itself, modifies the metabolism of asbestos and pro-
carcinogens, for example, it reduces the clearance of the fibres from the respiratory 
tract by impairing the tracheobronchial mucociliary system (McFadden et al., 1986a; 
Churg et al., 1987; Wright et al., 1988). It further helps in the penetration of 
asbestos fibres into the airways walls (McFadden et al., 1986b). 
Therefore, it may be concluded from the above study that the sequence of 
events like quick generation of active carcinogens, their poor elimination from the 
tissue, hydrolysis of preformed conjugates, generation of free radicals, formation of 
lipid breakdown products and low antioxidants level in the lung following exposure 
to asbestos dust may be initiating, favouring and stimulating the process of broncho-
genic carcinom a. 
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SUMMARY AND CONCLUSION 
"A main intextiit o{^ tvo^nti^th 
cdntaty philosophy ii> tho. 6tudy 
A. Ayet 
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Among all the resplrable occupational and environmental part iculate air 
pollutants, asbestos is well-known for its adverse effects on t i e respiratory sys-
tem. The presence of asbestos in occupational environment poses grave headth 
hazards. After prolonged periods of inhalation, asbestos induces certain patho-
logical changes in the lung like fibrosis, known as asbestosis and two forms of 
malignancies, i.e. mesothelioma, tumour of serosol cells, lining the pleural and 
peritoneal cavities and bronchogenic carcinoma, tumour of epithelial cells, 
lining the respiratory passage. 
The epidemiological surveillance, environmental monitoring, clinical and 
experimental studies have added sufficient knowledge in respect of the toxic 
effects produced by c^sbestos but at present the underlying molecular mechani-
sms of carcinogenicity and co-carcinogenicity caused by asbestos fibres still 
remains a mat te r of debate in academic circle. Conflicting reports in this 
regard have appeared in the l i terature. 
In order to take suitable precautionary measures to safeguard public 
health in asbestos polluted areas, indepth studies are required to elucidate the 
molecular mechanisms involved in the toxicity caused by asbestos. 
In the present study, therefore, efforts have been made to investigate 
the possible biochemical mechanisms of carcinogenicity and co-carcinogenicity, 
caused by asbestos and their leachable components in the system. Studies on 
the interaction of silicic acid (one of predominant constituents of asbestos, 
leachable in physiological medium) with the DNA were carried out on the 
basis of the fact that interaction of xenobiotics with the DNA is the key step 
for the initiation of neoplasia. Other studies on the functional activity of 
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microsomes on in vitro t reatment with asbestos dusts were conducted to develop 
an insight on the xenobiotK inctaboiisni in asbestos exposed lungs. Later, the 
in vitro observations were validated by actual in vivo animal experiments. In 
addition, the optimal conditions for the isolation of relatively pure and active 
microsomal fraction for xenobiotic metabolic studies, from the rat lung have also 
been investigated. 
The results and conclusion are summarised below: 
1. Studies on the interaction of silicic acid with DNA 
Silicic acid which dissolves out from asbestos and other silicate dusts in 
physiological fluids is one of the factors responsible for their pathogenicity. To 
understand their role in the genotoxicity, interaction of silicic acid with DNA 
molecule was studied. 
1.1 S.nuclease hydrolysis of silicic acid treated DNA 
DNA treated with increasing molar ratios of silicic acid (i.e. 1:0.25, 
1:0.5, 1:1) was subjected to hydrolysis by the single-strand specific nuclease S, . 
The results showed that the production of acid-soluble material increased with 
the increasing silicic acid concentrations. Under the same experimented conditi-
ons, control native and heat denatured DNA showed 18- and 100% hydrolysis 
respectively. The native DNA which was not incubated but was only dialyzed 
showed 16% hydrolysis. At 1:1 molar ratio, there was a 3^% increase in the 
hydrolysibility of silicic acid-treated DNA. Thus silicic acid t reatment transforms 
DNA into an effective substrate for S. nuclease and suggests a destabilization of 
its secondary structure. 
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1.2 Eflect of silicic acid treatment on the mid-ranRe meltinR temperature (Tm) 
of DNA 
S, nuclease has been used to determine the t h e r m d melting profile of 
native and silicic acid-treated DNA at different DNA nucleotide/silicic acid 
molar ratios, through digestion of the denatured strands. The Tm of control 
DNA and the silicic acid-treated DNA at a DNA nucleotide/silicic acid molar 
ratio of 1:0.25, was determined to be 83°C. However, the samples t reated at 
the molar ratio of 1:0.5 showed a decreased Tm, 77°C. The melting profile at 
the highest molar ratio of 1:1 was somewhat unusual and the temperature goes 
below 60°C, indicating considerable hydrolysis of DNA. This is only possible in 
the presence of denatured molecules in the samples which would render it 
susceptible to digestion by S, nuclease. These observations suggest the desta-
bilization of the secondary structure of silicic acid-treated DNA, either through 
the creation of partial single stranded regions or single-stranded breaks in the 
DNA molecules. 
1.3 Effect of silicic acid on the secondary structure of DNA as determined 
by cdkaiine unwinding and hydroxyapatite batch assays 
BND-cellulose-purified DNA has been treated with increasing silicic acid 
concentrations. The alkaline unwinding of treated samples were carried out for 
2 different t ime periods, i.e. for 15 and 30 minutes before neutralization and 
fractionation of double and single stranded DNA by employing hydroxyapatite 
batch assay procedure. The fraction of duplex DNA remaining in control samp-
les (without silicic acid-treatment) ranged between 0.83 and 0.85 in all the 
experiments. Results with silicic acid t reated DNA shows that the fraction of 
duplex DNA remained after unwinding and fractionation, decreases in a non-
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linear fashion with increasing silicic acid concentrations. A slight decrease in 
the fraction of duplex DNA with increasing silicic acid concentration was 
observed after 30 minutes of alkaline unwinding period. These observations 
suggest that the formation of single stranded DNA on t reatment with silicic acid 
may be responsible in destabilizing the secondary structure of DNA, as observed 
by S. nuclease hydrolysis and Tm-determination, 
IA Strand breaks formation in DNA reacted with increasing concentration of 
silicic acid 
It was observed by employing alkaline unwinding and hydroxyapatite 
batch assays to the BND-cellulose-purified DNA treated with increasing concen-
trat ions. It was noticed that silicic acid at concentration higher than DNA nucleo-
tide/silicic acid molar ratio of 1:0.3 does not lead to any further significant inc-
rease in the number of strand breaks in DNA, In comparison to 15 minutes, as 
alkaline unwinding period there were more strand breaks at 30 minutes. There-
fore, this t ime period was selected throughout the experiments. In case of 
untreated duplex DNA at both the time period, no change was observed. Increase 
in single-strands breakage in DNA on treatment with silicic acid suggests the 
destabilization of the secondary structure of DNA. 
1.5 Effect of time on the reaction of silicic acid with DNA 
The experiments on the t reatment of DNA with silicic acid at DNA 
nucleotide/silicic acid molar ratio of 1:0.5 for various times show a decrease in 
the fraction of duplex DNA with the increase of t ime of reaction. The decrease 
after 16 hrs was most significant, which suggests the effect of t ime on the 
reaction of silicic acid with DNA in the production of single strand breaks in 
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double-stranded DNA. 
1.6 Effect of JncreasinR temperature on the formation of strand breaks in 
duplex DNA by silicic acid 
Studies on the effect of increasing temperature on the formation of 
strand breaks in DNA by silicic acid at DNA nucleotide/silicic acid molar ratio 
of 1:0.5 shows that relative to room temperature , higher temperature caused the 
formation of a large number of strand breaks, indicating effect of temperature 
on reaction ra te . 
1.7 Effect of different concentrations of sodium chloride (NaCl) on the strand 
breaks formation in silicic acid treated DNA 
The effect of increasing NaCl concentration on the strand breaks for-
mation in silicic acid-treated DNA at DNA nucleotide/silicic acid molar ratio 
of 1:0.5 was determined in order to study the effect of ionic strength on strand 
breaks formation. However, increasing ionic strength did not appear to have any 
significant effects. 
1.8 Alkaline hydrolysis of silicic acid-treated DNA after reduction with sodiun 
borohydride (NaBH ) 
The base catalyzed hydrolysis of silicic acid-treated DNA at different 
DNA nucleotide/silicic acid molar ratios, showed an increasing degree of alka-
line hydrolysis, suggests the creation of apurinic and apyrimidinic sites in DNA 
on silicic acid action. On the other hand, no significant change was observed 
after t reatment with NaBH. . The protection of silicic acid-treated DNA after 
reduction with NaBH^ from the base catalyzed hydrolysis suggests the stabiliza-
tion of apurinic DNA, created on the action of silicic acid, presumably due to 
the reduction of the aldehyde groups of the deoxyribose to the alcohol. 
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1.9 Effect of sodium borohydride (NaBH^) on alkaline unwinding of silicic 
acid-treated DNA 
Alkaline unwinding of silicic acid-treated DNA at different DNA nucleo-
tide/silicic acid molar ratios showed no decrease in the amount of DNA as 
duplex with the increasing silicic acid concentrations, further indicate that any 
potential single strand breaks induced by silicic acid are stabilized by reduction 
with NaBH^. These studies suggest that one possible mechanism could be that 
apurinic and apyrimidinic sites are created in DNA by the action of silicic acid 
which on j5-elimination in the presence of alkali lead to hydrolysis of the phospho-
diester linkage. 
The significant outcome of these interaction studies possibly may be 
the reaction of silicic acid released from asbestos and silicate dusts, with 
cellular DNA and the consequent formation of strand breaks which may be res -
ponsible for the various findings reported by many authors such as increased rate 
of sister-chromatid exchanges and chromosomal aberrations, increased turn over 
of DNA synthesis and strand breakage in animals exposed to these minerals. It 
is, therefore, conceivable that the local concentration of silicic acid within the 
cells or nucleus may reach a level sufficiently high to cause DNA disruption 
where asbestos fibres can reach inside the nucleus and can come in direct 
contact with the cellular DNA, It is possible tliat direct interaction of silicic 
acid with DNA may be related to the cells transformation. 
2. Influence of asbestos on pulmonary xenobiotic metabolizinR enzyme system; 
In vitro studies 
Epidemiological and experimental studies suggest that the co-carcinogenic 
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effects of asbestos exposure and other predisposing conditions, such as smoking 
are responsible for the majority of respiratory cancers. However, the biochemical 
mechanism of this process is not yet clear. Therefore, the influence of four 
varieties of asbestos, chrysotile, crocidolite, amosite and anthophyllite was studied 
on the enzymes of phase I and phase H of xenobiotic metabolism and enzymatic 
and non-enzymatic lipid peroxidation in isolated rat lung microsomes and post-
microsomal fraction. 
2.1 Isolation of pure and acti>^ microsomcJ fraction 
A successful attempt was made to improve the method for the isolation 
of stable and pure microsomal fraction from the rat lung which is to be used as 
suitable in vitro model for studying xenobiotic metabolism. It is evident from the 
findings that minor modifications in the conventional methods of isolation of mic -
rosomes, like gentle rehomogenization of 10,000 x g pellets and incorporation of 
ascorbic acid during the isolation of microsomal fraction provided stability to the 
isolated microsomes with higher recoveries of proteins, cytochrome P-450, NADPH 
cytochrome c reductase and benzo(a)pyrene hydroxylase. Furthermore, the cons-
titution of the medium, for the suspension of microsomes as determined by the 
present author, containing isotonic KCl, in 0.05 M Tris-HCl buffer (pH 7.4) with 
glycerol and EDTA either to keep the microsomes in intact form or helped to 
protect it from auto-oxidation as it is evident from the lipid peroxidation studies. 
In addition to this, the scanning and transmission electron microscopic studies of 
the microsomes isolated by this method showed minimal aggregation, intact forms 
and no contamination by other organelles as compared to the microsomes isolated 
by two conventional methods. 
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Five hundred/jg of different fibres/mg of microsomal or cytosolic pro-
teins were separately incubated at 37"C for a specified period of t ime along with 
their proper controls for the following experiments. 
2.2 Adsorption of cytochrome P-450 and P-4^8 and release of heme by minercJ 
fibres from the microsomal fractions 
Smce cytolchrome P-'i^O and P-^^8 play an important role in the 
xenobiotic metabolism, therefore, their adsorption by different mineral fibres 
were studied in isolated rat lung microsomal fraction in order to understand the 
influence of mineral fibres on the integrity of microsomes. 
The various types of asbestos showed different adsorption potential for 
the cytochrome P-450 and P-^48 when treated with lung microsomes in vitro. 
The efficiency of adsorption was in the order of chrysotile > crocidolite > amosi te^ 
anthophyllite. Chrysotile and crocidolite adosbred considerably higher amount 
of heme proteins than the amosite and arithophyllite. Further, the chrysotile 
and crocidolite showed higher adsorption capacity for cytochrome P-i^k2, than the 
cytochrome P-450. On prolonged t rea tment , i.e. 72 hrs, then these two mineral 
fibres caused the destruction of heme protein molecules and released heme. Here, 
again cytochrome P-^^8 was more prone to liberate heme by chrysotile and croci-
dolite. However, no release of heme from the adsorbed cytochrome P-450 and 
P-ti^S by amosite and anthophyllite was detected. The higher adsorption poten-
tial of carcinogenic mineral fibres like chrysotile and crocidolite for the cytoch-
rome P-U50 and P-U^-S than the non-carcinogenic mineral fibres, i.e. amosite and 
anthophyllite shows the^r higher interactibility with the biological macromolecules. 
Further, the release of heme in higher extent from the adsorbed cytochrome P-'t^S 
than cytochrome P-^50 by these carcinogenic mineral fibres suggest that the 
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adsorption of biological m acromolecules like cytochrome P-k^S on the surface 
of asbestos fibres and release of heme from them are not only because of their 
different types but also due to the nature and structure of the target molecules. 
These studies suggest that the structural damage of hemo-proteins may produce 
an instant effect on the metabolic disposition of xenobiotics, mediated through 
microsomes. Simultaneously, the heme molecules may exert some regulatory 
functions, since heme is considered to be a positive modulator of cytochrome 
P-'+50 gene transcription and is also required to stabilize the freshly synthesized 
apoproteins. Since the adsorption of biological macromolecules by mineral 
fibres are positively correlated with their hemolytic, cytotoxic and carcinogenic 
potentials, therefore, their effect on the microsomal integrity through the adsorp-
tion of cytochrome P-450 and P-U^S, and release of heme in the present system 
may be positively correlated with the carcinogenic and co-carcinogenic nature 
of the mineral fibres. 
2.3 Scanning electron microscopic studies of the rat lung microsomes after 
treatment with different types of asbestos fibres 
The scanning electron microscopic studies of the microsomes treated with 
different asbestos fibres shows that chrysotile and crocidolite, the most ceircino-
genic mineral fibres have high interactibility with microsomes than the amosite 
and anthophyllite. The low speed supernatants of the dust-treated microsomes 
shows more fibres in the case of chrysotile and crocidolite than the amosite and 
anthophyllite, further indicting their high interactibility with the microsomes, 
which can be used as a model for screening the toxicity of different mineral 
fibres whose toxicity is not known. Furthermore, the adsorption of negatively 
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charged microsomal r embranes by both positively charged chrysotile and negati-
vely charged amphiboles shows that the surface charees of these two types of 
asbestos are not the princinal factor which are responsible for the interaction of 
asbestos with microsomal membrane but the chemical groups common to both 
forms of asbestos may be more important. Therefore, the studies on the recog-
tion of the chemical groups common to both chrysotile and crocidolite, which are 
responsible for their high inter act ibility with the microsomes, needs further a t ten-
tion. 
2.* Effect of asbestos fibres on benzo(a)pyrene hydroxylase activity 
All the mineral fibres tested inhibited the activity of benzo(a)pyrene 
hydroxylase in vitro when incubated with the rat lung microsomes. The order of 
inhibition of this enzyme by the different asbestos fibres is as follows: 
Chrysotile > crocidolite > amosite > anthophyllite. In the case of 3-methylcholan-
threne treated samples, order of inhibition was just same to that of untreated sam-
ples but the magnitude of inhibition was slightly less than the double of the untrea-
ted samples (except anthophyllite, where it was more than double). 
The present study has established a good correlation between the adsorption 
potential of different asbestos fibres for cytochrome P-'i50 and P-'i-'fS with their 
ability to inhibit the activities of benzo(a)pyrene hydroxylase. The inhibition of 
benzo(a)pyrene hydroxylase by these mineral fibres is of biological significance 
because it will retain the unmetabolized procarcinogens in the loaded lungs, which 
in turn may accentuate the carcinogenic stimulus for the risk of lung cancer. 
2.5 Effect of asbestos fibres on epoxide hydratase activity 
All the minerEil fibres tested, inhibited the activity of rat lung microsomal 
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epoxide hydratase in vitro. Chrysotile and crocidolite showed higher inhibition 
in the activity of this enzyme than the amosite and anthophyiiite. The order of 
inhibition of epoxide hydratase activity by mineral fibre is given below: 
Chrysotile > crocidoli te/ ' amosite > anthophyiiite. 
It is interesting to observe that the inhibition in the activities of the 
benzo(a)pyrene hydroxylase and epoxide hydratase by these fibres followed the 
same order as their adsorption potential for the cytochrome P-'f^O and P-'f48 
proteins. Moreover, the present findings suggest that the observed reduced act i -
vities of benzo(a)pyrene hydroxylase and epoxide hydratase may be a result of the 
destruction of the molecular assembly of cytochrome P-450 and P-iikS system by 
the carcinogenic dusts. 
Further, the inhibited levels of benzo(a)pyrene hydroxylase and epoxide 
hydratase will reduce the clearance ra te of benzo(a)pyrene, a well known carci-
nogen to which lung is directly exposed either by smoking or from other envi-
ronmental sources. This may be one of the possibility for the increased risk of 
bronchogenic carcinoma. 
2.6 Effect of mineral fibres on the glutathione-S-transferase activity 
All the four asbestos fibres inhibited the activity of glutathione-S-trans-
ferase in vitro, when preincubated with ( ytosolic fraction. The inhibition of 
this enzyme activity in control and 3-methyl-cholanthrene-treated groups was in 
the following order; crocidolite > chrysotile > amosite > anthophyiiite. Moreover, 
the extent of inhibition in the activity of this enzyme by the different mineral 
fibres were higher in 3-MC treated samples over the control animals. The inhibi-
tion in the activity of glutathione-S-transferase may further complicate the 
situation. This enzyme catalyzed the conjugation of the ultimate carcinogens 
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with reduced glutathione in the lungs, which are eventually eliminated. Thus 
the clearance of carcinogenic metabolites formed by phase I reaction will be 
reduced further by feeble phase II reactions, dependent on glutathione-S-transfe-
rase catalyzed conjugation. The net effect will be an alteration in the metabolic 
disposition of various toxicants reaching the lung, which will ultimately be respon-
sible for the induction of lung carcinoma. 
2.7 Effect of mineral fibres on the enzymatic and non-enzymatic lipid peroxi-
dation of microsomes 
The carcinogenic mineral fibres, chrysotile and crocidolite enhanced the 
both enzymatic (NADPH-induced) and non-enzymatic (Fe -induced) lipid peroxi-
dation significantly whereas amosite and anthophyllite, the non-carcinogenic 
mineral fibres, induced only marginal changes. Also, high rate of lipid peroxi-
dation was recorded by these mineral fibres in the 3-MC treated microsomes as 
compared to control microsomes. Since the lipid peroxidation induced by dust 
was correlated with the generation of free radicals, therefore, in the present 
study the structural damage to cytochrome P-450 and P-^48 systems and the 
enhancement of lipid peroxidation may be a sequential reaction because the 
enhancement of lipid peroxidation was observed after two hours of t reatment 
while the heme release did not occur before 72 hours. 
The lipid peroxides, a byproduct of peroxidative degradation of polyunsa-
turated fatty acids have a tremendous toxic potential in the biological system. 
These are known to be mutagenic and tumor inititing agents and they also 
stimulate the metabolism of procarcinogens and also facilitate the binding of 
ultimate carcinogens with DNA. Therefore, the different capabilities of these 
mineral fibres in the induction of lipid peroxidation in the lung microsomal 
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fraction indicate their toxic potential in the development of several respiratory 
diseases. 
The present study showed the innocuous effects of non-carcinogenic 
mineral fibres like anthophyllite as far as the alterations in microsomal reactions 
are concerned. Therefore, it is evident from the results of the above in vitro 
studies, that the extent of damage which a dust canproduce in the metabolic 
clearance reactions, mediated by microsomes, may be correlated with their car-
cinogenic potential . Further, these studies suggest that this system may be used 
as a sample screening procedure for the assessment of the carcinogenic potential 
of other natural and man-made mineral fibres whose toxicity is not known. 
3. Influence of asbestos on pulmonary xenobiotic metabolizinR enzyme system; 
In viva studies 
Synergism of asbestos and smoke in the genesis of bronchogenic carcinoma 
has been very well established by both epidemiological and experimental studies. 
However, the precise biochemical mechanisms involved in the potentiating effects 
of asbestos in the development of bronchogenic carcinoma remains obscure. 
Therefore, in order to explore the possible biochemical events, leading to the 
induction of bronchogenic carcinoma, caused by asbestos and cigarette smoke, 
the rats were intratracheally instilled with 5 mg chrysotile dust aiid sacrificed 
after 1, 4, 8, 16, 90 and 290 days. The controls were given normal saline and 
sacrificed along with the experimental animals. The lungs from the experimental 
and control animals were collected separately. The lung tissue was processed and 
fractionated into microsomal and cytosolic fractions by ultracentrifugation. In 
the microsomal fraction, protein content, cytochrome P-'+^O content, benzo(a)pyrene 
hydroxylase and epoxide hydratase activities, enzymatic (NADPH-induced) and 
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non-enzymatic (Fe "^-induced) lipid peroxidation were determined in both the 
groups, i.e. experimental and control. In cytosolic fraction, protein, ascorbic acid 
and reduced glutathione contents and activity of glutathione-S-transferase were 
determined. The fresh weight of the lungs of both the groups were also de ter -
mined. The findings of these experiments are discussed below: 
3.1 Effect of chrysotile on lung weight 
A significant increase in the lung weight of asbestotic animals was observed 
at 90 days and afterwards. About 7i4% and 95% increase in fresh lung weight of 
chrysotile-treated rats after 90 and 290 days of exposure were recorded, indica-
ting fibrous condition of the lung. 
3.2 Effect of chrysotile on rat lung microsomal and cytosolic fractions 
A decrease of about 18, 15, 8 and 5% in the content of lung microsomal 
cytochrome P-'+50 at 1, 'f, 8 and 16 days of exposure to chrysotile was observed. 
At 90 and 290 days, a significant increase of about 22 and 1^5% in the content 
of cytochrome P-450 was recorded. Same pattern was obtained with the activities 
of benzo(a)pyrene hydroxyla,c and epoxide hydratase. A decrease in the activity 
of benzo(a)pyrene hydroxylase from 1 to 16 days were observed but at 90 and 290 
days significant increase of about 50% and ^^8% in activity were obteiined over 
their controls, respectively. In the case of epoxide hydratase till 16 days of 
exposure there was a decrease in the activity but at 90 and 290 days after 
t reatment 90% and 96% increase were recorded respectively over their c:ontrols. 
The decrease in the content of cytochrome P-'t5G and the activities of 
benzo{a)pyrene hydroxylase and epoxide hydratase at the initial stages of expo-
sure and progressive increase in the content of cytochrome P ^50 and the 
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enhanced activities of benzo{a)pyrene hydroxylase and epoxide hydratase at the 
advanced stage of the disease when fibrosis developed needs further clarifica-
tion. 
The finding suggests that asbestos at early stage of exposure, destabilize 
the cytochrome P-'t^O assembly and reduce the activities of benzo(a)pyrene 
hydroxylase and epoxide hydratase which is also evident from in vitro study, 
which may in turn prolong the tissue retention of carcinogens. However, the 
content of cytochrome P-450 and the activities of benzo(a)pyrene hydroxylase 
and epoxide hydratase increased at 90 days and thereafter indicating that chryso-
tile fibre participates actively in the activation of phase I reaction at the advan-
ced stages of the disease when fibrosis developed. 
The increase in the activities of benzo(a)pyrene hydroxylase and epoxide 
hydratase is very important because they play the major role in the regulation 
of the microsomal biotransformation of polycyclic aromatic hydrocarbons (PAHs)^ 
the major carcinogen of cigarette smoke. They are associated with the activation 
of PAHs in chemical carcinogenesis. Therefore, the higher activities of micro-
someJ benzo(a)pyrene hydroxylase and epoxide hydratase on prolonged period of 
asbestos exposure may aggravate the situation in the presence of other carcino-
gens, if present in the system. This may produce more reactive metabolites from 
the known carcinogens present in the cigarette smoke, in the target tissue and 
thereby increasing the possibility of higher DNA adduct formation. This may be 
responsible for the higher incidence of bronchogenic carcinoma in asbestos wor -
kers with smoking habits. 
A linear decrease in the activity of glutathione-S-transferase in the 
rat lung cytosol, fractionated from chrysotile-treated animals was observed. 
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The maximum inhibition for the activity was observed at 290 days of t rea tment , 
registering a 39% inhibition. Glutathione-S-transferase is involved in the deto-
xification of metabolically modified carcinogens by conjugation with reduced glu-
tathione. The decrease in activity of this enzyme as observed in this study may, 
in turn, result in the accumulation of unscavenged reactive metabolites which may 
find access to other sites and exert deleterious effects like the adduct formation 
with DNA. 
3.3 Effect of 3-MC treatment on chrysotile induced changes eifter 290 days of 
exposure 
The pretreatment of control and chrysotile-treated rats after 290 days with 
3-methylcholanthrene resulted in 30% and 102% increase in the cytochrome P-^'fS 
content and benzo(a)pyrene hydroxylase activity in experimental animals. In cyto-
solic fraction the glutathione-S-transferase activity was lowered by ^^6%. 
These findings suggest that chrysotile t reatment increases the content of 
cytochrome P-4kS and activity of benzo(a)pyrene hydroxylase at the advanced 
stage of disease. Further, the reduction in the activity of glutathione-S-transfe-
rase in the rat lung cytosolic fraction was confirmed by the above experiments. 
Thus, the activation of phase I reaction and inhibition of phase II reactions 
as observed by the present study, may increase the concentration of ultimate car-
cinogens, derived either from cigarette smoke or from other environmental sources, 
in the target tissue, hence providing the reactive accumulated metabolites with 
the opportunity of interacting with DNA. 
Therefore, the identification of the role of cytochrome P-'f50 and P-^«f8 
in the activation process, an understanding of the enzymic mechanisms involved 
and of the mechanism of regulation of the enzyme of phase I and phase II of 
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xenobiotics are but the first step to a deeper understanding and prevention of 
the malignancies, caused by asbestos and cigarette smoke. Thus possibly the 
design of selective inhibitors of cytochrome P-450 and P-'t'^S may be the distinct 
possibilities of the future research. 
3A Elfect of chrysotile on enzymatic and non-enzymatic lipid peroxidation 
A higher rate of both enzymatic and non-enzymatic lipid peroxidation 
have been recorded in pulmonary microsomal fractions, isolated from chrysotile 
t reated rats after 1, 4, 8, 16, 90 and 290 days of exposure. 
The lipid peroxides generated due to the peroxidative damage of polyun-
saturated fatty acids of the biological membranes have tremendous toxic potential 
in the biological system. These include alteration in membrane fluidity, initiation 
of radical chain reactions, direct toxicityof lipid breakdown products and effects 
on intermediate metabolism of xenobiotics such as PAHs. There are several 
evidences to prove that hydroxyl & superoxide radicals are involved in asbestos induced 
lipid peroxidation. Therefore, the enhanced lipid peroxidation of the lung micro-
somes in the asbestotic rat may contribute to the delayed toxic and carcinogenic 
effect of these mineral fibres. 
3.5 Effect of chrysotile on water-soluble antioxidants 
A remarkable decrease in the contents of water soluble antioxidants 
like ascorbic acid and reduced glutathione have been recorded in chrysotile t r e a -
ted rats after 90 and 290 days of exposure. A decrease of about 29 and 5k% 
in ascorbicadd& 19% axl 25% in reduced glutathione was recorded after 90 and 290 
days of exposure respectively, over their controls. However, insignificant depletion 
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in the levels of these antioxidants was observed at the initial stages of exposure. 
This is important to note, since antioxidants are known to inhibit tumors induced 
by a variety of carcinogens, including PAHs which is reported in the l i terature. 
Ascorbic acid is accepted as one of the important components of mammalian lung 
defence against environmental pollutants. Also the ascorbic acid level is closely 
associated with the environmental stress in man and animals. The present finding 
like the reduction in the level of reduced glutathione by chrysotile t reatment in 
the lung further suggest, the deceleration of the glutathione-S-transferase cataly-
zed conjugation reaction of the ultimate carcinogens with GSH, which is thought 
to be the critical step in the detoxification of reactive metabolites from the lungs, 
hence, providing the accumulated metabolites, with the opportunity of interacting 
with DNA. Therefore, the low content of antioxidants in the lung ^fter chrysotile 
inhalation may hamper the defence of the tissue against other environmental and 
occupational contaminants. 
Since the pulmonary cytochrome P-A50 and P-ii^-S dependent mixed function 
oxidase activities and synthesis or uptake of ascorbic acid are localized in the 
same types of cell of the mammalian lungs, therefore, the studies on the influence 
of ascorbic acid on the cytochrome P-'f50 and P-448 dependent activation/biotrans-
formation of procarcinogens of cigarette smoke by the lung loaded with asbestos 
fibres, opens a new area of research to find out its protective role against the 
synergism between asbestos and smoke in the genesis of bronchogenic carcinoma. 
It may be concluded from the above study that the sequence of events 
like, quick generation of ultimate carcinogens due to increase in cytochrome P-^50 
and P-^'fS contents enhar^ced activities of benzo(a)pyrene hydroxylase and epoxide 
hydratase, hydrolysis of preformed conjugate by free lysosomal enzyme and their 
poor elimination because of the inhibition of glutathione-S-transferase activity, 
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generation of free radicals, formation of various byproducts of lipid peroxidation 
process, and low antioxidant level in the lung, following exposure to asbestos 
dust may be initiating, favouring and stimulating the process of bronchogenic car-
cinom a. 
The author of this dissertation, therefore, feels that the synergism between 
asbestos and tobacco smoke in the development of extensive bronchogenic cancer 
among asbestos workers with smoking habits should new be investigated In the light 
of the present sequential observations. 
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